Appendix A

Process (Issue)

Ability to Address through Generic R&D

Importance of Issue/Process to Safety Case

State of the Art Relative to Issue/Process

Objective Feature Perf. Desian. G .
. . . . . erformance esign, Construction, " . . . .
UFD FEP ID UFD FEP Title Process/Issue Description Yes/No/Partial Discussion A g A Overall Confidence Discussion Status Discussion
(Safety Analysis) Operations
0.0.00.00 0. ASSESSMENT
BASIS
0.1.02.01 Timescales of Concern The overall timescales of concern will be established
by policy aqd/or regulations. Howevgr, generic R&D Timescale considerations will be included in R&D to address specific
All System Yes could potentially be used to address timescale issues. . X
o N . N topics under Section 2.
R&D on specific issues will also consider timescales
over which they must be applied
0.1.03.01 Spatial Domain of
Concern
Depends on specific site and facility design.
. . " N . . No information existis regarding potential design concepts in different
P I- f . Defi f | ! . .
All System artia . Site Spgpl . Generic R&D could be conducted to develop high-level Low High N/A efinition of spatial extent (re;?03|tory de.swgn) necessary Fundamental Data Needs media to determine estimates of size needs for different disposal
Design Specific ! - y . ) for safety analysis and design . .
relationships between possible repository geometries, system design concepts and fuel cycle scenarios.
thermal output, and expected waste volumes
0.1.09.01 Regulatory
Requirements and .
All System Exclusions No Policy/Regulatory
0.1.10.01 Model Issues - Conceptual model Applies primarily in the area of method development.
- Mathematical implementation Most R&D will be captured in R&D to address specific
- Geometry and dimensionality issues.
- Process coupling
- Boundary and initial conditions The integration of models and the degree of hierarchy
is a system level consideration.
R&D I i . . . . - q
Glelnenlc &D could mv‘:fshga.te ‘uncertamty . Model issues will be included in R&D to address specific topics under
All System Yes quantification and propagation within both detailed 4
Section 2.
process-level and system level models (both
conceptual and mathematical model uncertainty).
Generic R&D could also include the development of
systematic methodologies and tools to support the
evaluation of model adequacy, uncertainty
propagation, data, etc.
0.1.10.02 Data Issues - Parameterization and values
Al System - Correlations Yes Applies primarily in the area of method development. || Model issues will be included in R&D to address specific topics under
¥ - Uncertainty Most R&D will be captured in R&D for specific issues. Section 2.
1.0.00.00 |1. EXTERNAL
FACTORS
1.1.00.00 |1. REPOSITORY
ISSUES
1.1.01.01 Open Boreholes - Site investigation boreholes (open,
improperly sealed)
Limited Release - Natural System - - Preclosure and postclosure monitoring N Site and media specific.
Natural Barriers Geosphere boreholes 0 . .
- Enhanced flow pathways from EBS Seals captured in specific issues below.
1.1.02.01 Chemical Effects from - Water cont;mlnants (explosives residue, Generic R&D to identify what is allowable with respect
Preclosure Operations |diesel, organics, etc.)
Containment, Water ch try diff t than host rock 1o EBS and EDZ.
- ’ ) ) - Water chemistry ciiferent than host rock i o ia| - Design Specific, Effects of pre-closure operations considered under EDZ issues
Limited Release Engineered Barriers (e.g., oxiding) . - .
. R Operations Specific In generic environments, of most importance is effects (2.2.01.01)
Engineered Barriers - Undesirable materials left .
8 on the EDZ. As such, pre-closure operations effects
- Accidents and unplanned events
will be considered in EDZ Procecces
1.1.02.02 [Chemical Effects from |- Creation of excavation-disturbed zone
Preclosure Operations |(EDZ) Generic R&D could focus on identifng what would be
-In EBS - Stress relief allowable with respect to pre-closure
-In EDZ - Boring and blasting effects construction/operations for engineered barrier / naturall
Containment - In Host Rock - Rock reinforcement effects (drillholes) barrier complements within the different media under
Limited Releas’e system - Accidents and unplanned events Partial - Design Specific, | consideration (for example, construction techniques, || Effects of pre-closure operations considered under EDZ issues
Engineered Barriers - Enhanced flow pathways Operations Specific emplaced materials, etc). (2.2.01.01)
[see also Evolution of EDZ in 2.2.01.01] In generic environments, of most importance is effects
on the EDZ. As such, pre-closure operations effects
will be considered in EDZ Procecces
1.1.02.03 Mechanical Effects from|- Creation of excavation-disturbed zone
Preclosure Operations |(EDZ) Generic R&D could focus on identifng what would be
-In EBS - Stress relief allowable with respect to pre-closure
-In EDZ - Boring and blasting effects construction/operations for engineered barrier / naturall
Containment - In Host Rock - Rock reinforcement effects (drillholes) barrier complements within the different media under
Limited Releas’e system - Accidents and unplanned events Partial - Design Specific, | consideration (for example, construction techniques, || Effects of pre-closure operations considered under EDZ issues

Engineered Barriers|

- Enhanced flow pathways

[see also Evolution of EDZ in 2.2.01.01]

Operations Specific

emplaced materials, etc).

In generic environments, of most importance is effects
on the EDZ. As such, pre-closure operations effects
will be considered in EDZ Procecces

(2.2.01.01)
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Appendix A

FCT PROGRAM INTERFACE

Importance of Issue/Process and Adequacy of the Current State of the Art Relative to Decision Points

Media

Site Screening

Site Selection

Site Characterization and Disposal System Design

Site Suitability

Importance

Adequacy

Importance

Adequacy

Importance

Adequacy

Importance

Adequacy

DISCUSSION

Low: Information
useful but not
necessary

Partially sufficient (issue
can be represented but
needs improvement)

Low: Information useful but
not necessary

Partially sufficient (issue can be
represented but needs improvement)

High: Information is
essential to decisions

Partially sufficient (issue can be
represented but needs
improvement)

High: Information is
essential to decisions

Partially sufficient (issue can be
represented but needs
improvement)

Spatial domain of concern is ascribed medium importance at site-screening and
site selection points as estimates of facility size are needed to compare with
sites. Importance increases at site characterization and suitability points.

Current information is deemed inadequate as neither design concpets or specifici
sites to evaluate concepts within are not known.
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Appendix A

Process (Issue)

Ability to Address through Generic R&D

Importance of Issue/Process to Safety Case

State of the Art Relative to Issue/Process

Objective Feature i i
UFD FEP ID UFD FEP Title Process/Issue Description Yes/No/Partial Discussion PerformanceA Design, Cons}ructlon, Overall Confidence Discussion Status Discussion
I (Safety Analysis) Operations I I
1.1.08.01 Deviations from Design |- Error in waste emplacement (waste
and Inadequate Quality Jforms, waste packages, waste package
Control support materials)
- Error in EBS component emplacement
Containment, (backfill, seals, liner)
Limited Release System - Inadequate excavation / construction No Design & Operational Specific
Engineered Barriers (planning, schedule, implementation)
- Aborted / incomplete closure of
repository
- Material and/or component defects
1.1.10.01 Control of Repository |- Active controls (controlled area)
All System Site R S:tsesri]\}:z;;ft:z;o(rfiarkers) No Policy/Regulatory
1.1.13.01 Retrievability Not expected to important with regard to the safety
Also media specific. analysis, however decisions regarding design/operations
for retrievability could influence safety analysis - thus, low
Policy/Regulatory framework would dictate treatment importance ascribed.
Al System Partial - Site Specific, of retrievability within the safety case. Low High High Improved Confidence The issue of retrievability has been evaluated for some time.
Design Specific Could be of high importance in design/construction - IAEA/NEA effort underway (December 2010 workshop)
Generic R&D could be conducted on impacts of specific to site and media.
retrievability for design concepts/media to inform
decision making. Retrievability has historically been an important issue for
the overall safety case - thus, high importance ascribed.
1.2.00.00 |2. GEOLOGICAL
PROCESSES AND
EFFECTS
1.2.01.00 2.01. LONG-TERM
PROCESSES
1.2.01.01 Tectonic Activity — - Uplift Issue is primarily site specific. Process occurs over
Large Scale - Folding very long time periods (geologic time). R&D could Large-Scale tectonic processes are very slow and are not
evaluate potential for larg-scale tectonic activity within expected to be a "credible" process or event that would
potential sites. occur over the very long-term and would not be
Al System Partial - Site Specific NA NA Low considered in the safety analysis (FEP expected to be Improved Confidence Information regarding large sca\‘e tecton'\0§ existg,limprovements may
screened out). Would not affect support future site screening activities
design/construction/operations. Ascribed low importance
for supporting overall confidence in the safety case -
demonstration that it would not occur
All System 1.2.02.01 Subsidence No Site Specific
1.2.05.01 Metamorphism - Structural changes due to natural
All System heating and/or pressure No Site Specific
1.2.08.01 Diagenesis - Mineral alteration due to natural Issue is primarily site specific. Applicable to
processes sedimentary environments (i.e., clay/shale). Process o .
oceurs over very long time periods (geologic time). D\agenesnls is a very slow process and is not expected to
R&D could evaluate potential for diagenesis within bea ';credltble" pro;:ess (I)dr e"?”b’ that W‘;“'d gCCTL overftf;e
very long-term and would not be considered in the safety . - N )
All System Partial - Site Specific potential sites. N/A N/A Low analysis (FEP expected to be screened out). Would not Improved Confidence Information regardmg diagenesis exists, |mprovgd understandmg of
] ) ] . potential may support future site screening activities
affect design/construction/operations. Ascribed low
importance for supporting overall confidence in the safety
case - demonstration that it would not occur
1.2.09.01 Diapirism - Plastic flow of rocks under lithostatic Applicable to salt environments (i.e., clay/shale).
loading Process occurs over very long time periods (geologic X o .
- Salt/Evaporites time). R&D could evaluate potential for diaperism Diaperism is a very slow process and is not expected to
- Clay within potential sites. be a "credible" process or event that would occur over the
. . - very long-term and would not be considered in the safety " Information regarding diagenesis exists, improved understanding of
All System Partial - Site Specific Repository-scale plastic flow in clay and salts is N/A N/A Low analysis (FE‘P expected tg be scregned out). ‘Wou\d not Improved Confidence potential may support future site screening activities
considered in coupled thermal-mechanical effects affect design/construction/operations. Ascribed low
below. importance for supporting overall confidence in the safety
case - demonstration that it would not occur
Al System 1.2.09.02 Large-Scale Dissolution No Site Specific
1.2.03.00 2.03.SEISMIC
ACTIVITY
1.2.03.01 Seismic Activity Impacts|- Mechanical damage to EBS (from J
EBS and/or EBS ground motion, rockfall, drift collapse, faul It must be recognized that seismic response and
Components displacement) Specific seismic response depends on the specific site importance is very media, site, and design specific
X X and design of the disposal facility.
[see also Mechanical Impacts in Ascribed medium importance to safety analysis - could
Containment, 2.1.07.04, 2.1.07.05, 2.1.07.06, 2.1.07.07, . . - Generic R&D could focus on improved seismic ground impact long-term performance. Seismic ground motion/response models exist and have been used.
Limited Release Engineered Barriers 2.1.07.08, and 2.1.07.10] Partial - Site Specific, motion response modeling - method development Medium Medium Medium Improved Representation Potential for improvement. Applicability and need depends on media,

Engineered Barriers|

Design Specific

R&D on material response to mechanical impact -
captured in specific processes related to mechanical
damage below

Ascribed medium damage for design - could affect design
of EBS and overall disposal facility.

Ascribed medium importance to overall confidence given
stakeholder concerns regarding seismic issues

site, and design.
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Appendix A

Importance of Issue/Process and Adequacy of the Current State of the Art Relative to Decision Points
FCT PROGRAM INTERFACE n - - - " — " n " ——
Site Screening Site Selection Site Characterization and Disposal System Design Site Suitability
Media DISCUSSION
Importance Adequacy Importance Adequacy Importance Adequacy Importance Adequacy
Medium: . A . ) ‘ -
A N A . A . Assigned medium importance to all decision points as retrievability could affect
Information Medium: Information Medium: Information Medium: Information N N N
. . . all aspects. Adequacy defined as N/A with respect to R&D program as it will be
supports or N/A supports or improves N/A supports or improves N/A supports or improves N/A . ) .
N N N N determined by regulatory/policy framework. Ultimately need to be able to
improves decisions decisions decisions . .
decisions demonstrate waste could be retrieved if policy/regulatory framework requires.
Understanding large scale tectonics is important to the entire decision process -
high importance. Information exists that could be applied, improvements may
- . ) - . support future siting efforts.
Interface with other organizations/groups High: lnfo”.nauon Partially sufficient (issue High: Information is Partially sufficient (issue can be Completely sufficient (no Completely sufficient (no
- . is essential to can be represented but X - N N/A o . N/A o . . . - . . I .
conducting R&D on large-scale tectonics . N essential to decisions represented but needs improvement) additional info needed) additional info needed) Not applicable for site characterization/design and site suitability decisions -
decisions needs improvement) "
anticipate sites would be selected where process would not occur. Information
collected during site screening and selection processes would be sufficient for
future decision points
Understanding diagenesis is important to the site screening and seclection
decision process - high importance. Information exists that could be applied,
- N Y N improvements may support future siting efforts.
Interface with other organizations/groups Hl‘gh' Inforfnahon Partially sufficient (issue High: Information is Partially sufficient (issue can be Completely sufficient (no Completely sufficient (no
. Clay/shale is essential to can be represented but X N N N/A : . N/A : . . - . . .
conducting R&D on diagenesis N N essential to decisions represented but needs improvement) additional info needed) additional info needed) Not applicable for site characterization/design and site suitability decisions -
decisions needs improvement) . . .
anticipate sites would be selected where process would not occur. Information
collected during site screening and selection processes would be sufficient for
future decision points
Understanding diagenesis is important to the site screening and seclection
decision process - high importance. Information exists that could be applied,
improvements may support future siting efforts.
Partially sufficient (issue can be NA Completely sufficient (no NA Completely sufficient (no
additional info needed) additional info needed) Not applicable for site characterization/design and site suitability decisions -
anticipate sites would be selected where process would not occur. Information
collected during site screening and selection processes would be sufficient for

Interface with other organizations/groups
conducting R&D on diapirism

Salt

High: Information
is essential to
decisions

Partially sufficient (issue
can be represented but
needs improvement)

High: Information is
essential to decisions

represented but needs improvement)

future decision points

Understanding of seismic impacts on EBS not needed for site screening as
focus would be primarily on geologic attributes (including seismic, but not
response of EBS).

N/A

N/A

Low: Information useful but
not necessary

Insufficient (cannot adequately
represent issue)

Medium: Information
supports or improves
decisions

represent issue)

Insufficient (cannot adequately

Medium: Information
supports or improves
decisions

represent issue)

Insufficient (cannot adequately

Low importance for site-selection - high level models would suffice. Techniques
exist to apply, but design concepts have yet to be developed (adequacy
insufficient)

Medium importance ascribed for site characterization/design and site suitability.
Could be of low importance depending on media/site/design. Information
deemed inadquate as specific design. While modeling methods exist to quantify

impacts, they could potentially be improved.
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Appendix A

Objective

Feature

Process (Issue)

Ability to Address through Generic R&D

Importance of Issue/Process to Safety Case

State of the Art Relative to Issue/Process

. i . . . Performance Design, Construction, . . . . .
UFD FEP ID UFD FEP Title Process/Issue Description Yes/No/Partial Discussion A g A Overall Confidence Discussion Status Discussion
(Safety Analysis) Operations
1.2.03.02 Seismic Activity Impacts|- Altered flow pathways and properties
Geosphere - Altered stress regimes (faults, fractures) It must be recognized that seismic response and
- Host Rock . ) X ) importance is very media and site.
- Other Geologic Units ][see also Alterations and Impacts in
2.2.05.01, 2.2.05.02, 2.2.05.03, 2.1.07.01, Ascribed low importance to safety analysis - seismic
Limited Release - and 2.1.07.02] Specific seismic response depends on specific effects in the far-field are not expected to have a
. properties of the geosphere (media and site specific). significant impact long-term performance. Seismic ground motion/response models exist and have been used.
Natural Barriers, Natural System - . " . A N . .
. . Partial - Site Specific JSuch long-term geologic issues could be of importance] Low Medium Medium Improved Representation Potential for improvement. Applicability and need depends on media
Dispersion and Geosphere L N . . . . . .
Diluti and understanding impacts in generic media could be Ascribed medium damage for design - response of host and site.
lution useful in site selection and site characterization. rock could affect design of EBS and overall disposal
facility.
Ascribed medium importance to overall confidence given
stakeholder concerns regarding seismic issues
. 1.2.03.03 Seismic Activity Impacts|- Altered surface characteristics
Limited Release - N
. Biosphere - Altered surface transport pathways
Natural Barriers, Natural System - . . .
. ) . - Surface Environment |- Altered Recharge No Site Specific
Dispersion and Biosphere
I - Human Behavior
Dilution
1.2.04.00 ]2.04. IGNEOUS
ACTIVITY
1.2.04.01 Igneous Activity - Mechanical damage to EBS (from
Impacts EBS and/or igneous intrusion)
EBS Components - Chemical interaction with magmatic
volatiles
Containment, - Transport of radionuclides (in magma,
Limited Release Engineered Barriers pyroclasts, vents) No Site Specific
Engineered Barriers|
[see also Mechanical Impacts in
2.1.07.04, 2.1.07.05, 2.1.07.06, 2.1.07.07,
and 2.1.07.08]
1.2.04.02 Igneous Activity - Altered flow pathways and properties
Impacts Geosphere - Altered stress regimes (faults, fractures)
- Host Rock - Igneous intrusions
- Other Geologic Units |- Altered thermal and chemical conditions
Limited Release -
Natural Barriers, Natural System - [see also Alterations and Impacts in No Site Specific
Dispersion and Geosphere 2.2.05.01, 2.2.05.02, 2.2.05.03, 2.1.07.01, P
Dilution 2.1.07.02, 2.2.09.03, 2.2.11.06 and
2.2.11.07]
- 1.2.04.03 Igneous Activity - Altered surface characteristics
Limited Release - A
. Impacts Biosphere - Altered surface transport pathways
Natural Barriers, Natural System - N .
. ) X - Surface Environment |- Altered recharge No Site Specific
Dispersion and Biosphere . I
- - Human Behavior - Ashfall and ash redistribution
Dilution
1.3.00.00 |3. CLIMATIC
PROCESSES AND
EFFECTS
1.3.01.01 Climate Change - Variations in precipitation and
- Natural temperature
- Anthropogenic - Long-term global (sea level, ...)
:zhon-term reg‘\ofTa\ :nd ‘Ofal The long term performance of a robust and well sited
easonal local (flooding, storms, ...) Local climate impacts long-term geologic disposal system is not expected to be affected b Climate change effects are being investigated extensively. Could
All System ) ) Partial - Site Specific processes/performance. Can be affected by large Low N/A Medium climate change. Climatic features, processes, and Improved Representation leverage on these studies to identify regions/locations that could be
[see also Human Influences on Climate in iy "
1.4.01.01] scale climate evolution parameters could be of importance in site selection and most affected by climate change
ffect Id have to b ted i fet lysi
[contributes to Precipitation in 2.3.08.01, ettects would have fo be represented in a salely analysis
Surface Runoff and Evapotranspiration in
2.3.08.02]
1.3.04.01 Periglacial Effects - Permafrost
- Seasonal freeze/thaw The long term performance of a robust and well sited
Local climate impacts long-term geologic disposal system is not expected to be affected b: Periglacial effects are well known. but improved understanding could
All System Partial - Site Specific processes/performance. Can be affected by large Low N/A Medium climate change. Climatic features, processes, and Improved Representation 9 . . pr 9
. . X o . potentially support future siting efforts
scale climate evolution paramters could be of importance in site selection and
effects would have to be represented in a safety analysis
1.3.05.01 Glacial and Ice Sheet |- Glaciation
Effects - Isostatic depression The long term performance of a robust and well sited
- Melt water Local climate impacts long-term geologic disposal system is not expected to be affected b: . . .
. N " h . Glacial and ice sheet effects are well known, but improved
All System Partial - Site Specific processes/performance. Can be affected by large Low N/A Medium climate change. Climatic features, processes, and Improved Representation N .
. . X o . understanding could potentially support future siting efforts
scale climate evolution paramters could be of importance in site selection and
effects would have to be represented in a safety analysis
1.4.00.00 |4. FUTURE HUMAN

ACTIONS
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Appendix A

FCT PROGRAM INTERFACE

Importance of Issue/Process and Adequacy of the Current State of the Art Relative to Decision Points

Site Screening

Site Selection

Site Characterization and Disposal System Design

Site Suitability

Media DISCUSSION

Importance Adequacy Importance Adequacy Importance Adequacy Importance Adequacy

Medium: ’ - ] A

. A . A N A . Understanding seismic impacts on geosphere ascribed medium importance for
Information y Medium: Information . . . Medium: Information y Medium: Information y N N . .
Completely sufficient (no . Completely sufficient (no additional info N Insufficient (cannot adequately . Insufficient (cannot adequately all decision points given importance of seismic response. Techniques exist

supports or e ) supports or improves supports or improves - supports or improves - - . ) ) . .

N additional info needed) - needed) - represent issue) - represent issue) and can be applied at site screenign and selection points, but improved
improves decisions decisions decisions

decisions

representation and site-specific information is needed to evaluate at site
characterization/site suitability points (adequacy insufficient)

Other organizations/groups investgating
climate change.

Low: Information
useful but not
necessary

Completely sufficient (no
additional info needed)

Medium: Information
supports or improves
decisions

Partially sufficient (issue can be
represented but needs improvement)

Medium: Information
supports or improves
decisions

Partially sufficient (issue can be
represented but needs
improvement)

Medium: Information
supports or improves
decisions

Partially sufficient (issue can be
represented but needs
improvement)

Understanding large scale climate change is important to the entire decision
process - medium importance. Information exists that could be applied,
improvements may support future siting efforts.

Other organizations/groups investgating
climate change.

Low: Information
useful but not
necessary

Completely sufficient (no
additional info needed)

Medium: Information
supports or improves
decisions

Partially sufficient (issue can be
represented but needs improvement)

Medium: Information
supports or improves
decisions

Partially sufficient (issue can be
represented but needs
improvement)

Medium: Information
supports or improves
decisions

Partially sufficient (issue can be
represented but needs
improvement)

Understanding large scale climate change is important to the entire decision
process - high importance. Information exists that could be applied,
improvements may support future siting efforts.

Other organizations/groups investgating
climate change.

Low: Information
useful but not
necessary

Completely sufficient (no
additional info needed)

Medium: Information
supports or improves
decisions

Partially sufficient (issue can be
represented but needs improvement)

Medium: Information
supports or improves
decisions

Partially sufficient (issue can be
represented but needs
improvement)

Medium: Information
supports or improves
decisions

Partially sufficient (issue can be
represented but needs
improvement)

Understanding glacial and ice sheet effects is important to the entire decision

process - high importance. Information exists that could be applied,
improvements may support future siting efforts.
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Appendix A

Process (Issue)

Ability to Address through Generic R&D

Importance of Issue/Process to Safety Case

State of the Art Relative to Issue/Process

Objective Feature Perf. Desian. G .
. . . . . erformance esign, Construction, " . . . .
UFD FEP ID UFD FEP Title Process/Issue Description Yes/No/Partial Discussion A g A Overall Confidence Discussion Status Discussion
(Safety Analysis) Operations
1.4.01.01 Human Influences on |- Variations in precipitation and
Climate temperature
- Intentional - Global, regional, and/or local
Al System - Accidental - Greenhouse gases, ozone layer failure No Beyond UFD Scope
[contributes to Climate Change in
1.3.01.01]
1.4.02.01 Human Intrusion - Drilling (resource exploration, ...)
- Deliberate - Mining / tunneling
- Inadvertent - Unintrusive site investigation (airborne,
All System surface-based, ...) No Beyond UFD Scope
[see also Control of Repository Site in
1.1.10.01]
1.4.11.01 Explosions and - War
Crashes from Human |- Sabotage
Al System Activities - Testing ) o No Beyond UFD Scope
- Resource exploration / exploitation
- Aircraft
1.5.00.00 5. OTHER
1.5.01.01 Meteorite Impact - Cratering, host rock removal
- Exhumation of waste
All System - Alteration of flow pathways No Beyond UFD Scope
1.5.01.02 Extraterrestrial Events |- Solar systems (supernova)
- Celestial activity (sun - solar flares,
All System gamma-ray bursters, moon - earth tides) No Beyond UFD Scope
- Alien life forms
1.5.03.01 Earth Planetary - Changes in earth’s magnetic field
All System Changes - Changes in earth's gravitational field No Beyond UFD Scope
(tides)
2.0.00.00 |2. DISPOSAL SYSTEM
FACTORS
2.1.00.00 |1. WASTES AND
ENGINEERED
FEATURES
2.1.01.00 |1.01. INVENTORY
2.1.01.01 Waste Inventory - Composition
- Radionuclides - Enrichment / Burn-up Importance dependent on geology, but knowledge of
Containment, - Non-Radionuclides inventory s required for both safety analysis and Inventories have been estimated for UNF and HLW generated from
. Part of FCT program and fuel cycle scenarios under . . . design/construction/operations. Also necessary to . ) " .
Limited Release Waste Form Yes - . High High Medium ; Fundamental Data Needs different recycling processes. Additional data is needed for other fuel
. R consideration evaluate thermal effects (heat generating), waste form X N N
Engineered Barriers " cycle scenarios under consideration by FCT program
degradation (radionuclide release rate), and overall
system performance
2.1.01.03 Heterogeneity of Waste]- Composition
Inventory - Enrichment / Burn-up Importance dependent on geology, but knowledge of
. - Waste Package Scale |- Damaged Area heterogeneity in inventory is required for both safety
Containment, i Dependent on waste streams (driven by FCT fuel cycle] analysis and design/construction/operations. Also
Limited Release Waste Form - Repository Scale Partial - Design Specific | P ; ven by P11 4 Medium High Medium v 9 P . Fundamental Data Needs Waste forms and repository configuration is not known
. . scenarios) and design of disposal facility necessary to evaluate thermal effects (heat generating),
Engineered Barriers| . . .
waste form degradation (radionuclide release rate), and
overall system performance
. 2.1.01.04 Interactions Between
Containment, Co-Located Waste Importance dependent on geology and the design of the
Limited Release Engineered Barriers Partial - Design Specific Broad configuration effects Low Low Low P P 9 . .gy 9 Fundamental Data Needs Waste forms and repository configuration is not known
. R engineered system - proximity of waste packages
Engineered Barriers|
Containment 2.1.01.02 Radioactive Decay and |- Amount of decay product
Limited Release Waste Form Ingrowth - Activities of decay products Yes Fundamental Aspect and included in all modeling Fundamental issue that will be included in R&D for all topics
Engineered Barriers efforts (not only inventory calculations). that must addres radioactive decay and ingrowth
2.1.02.00 |1.02. WASTE FORM
2.1.02.01 SNF (Commercial, Degradation is dependent on:
DOE) Degradation - Composition
- Alteration / Phase - Geometry / Structure
Separation - Enrichment / Burn-up
- Dissolution / Leaching |- Surface Area
- Radionuclide Release |- Gap and Grain Fraction - i i
p SNF degradation is expected to be of high importance in U:S. program evaluated the long-term behavior of LWR UOX in
Containment - Damaged Area generic environments under consideration. Strong oxidizing environments. Other programs have evaluated and are
! - THC Conditi - : i i i i i i
Limited Release Waste Form onditions Yes For UOX, MOX and any other UNF from once-through High High Medium dependencies on local EBS environment conditions. High Fundamental Gaps in Method, modeling the degradation of UOX and MOX in reducing environments.|

Engineered Barriers|

[see also Mechanical Impact in 2.1.07.06
and Thermal-Mechanical Effects in
2.1.11.06]

and modified-opened fuel cycles

importance is added to overall confidence - multiple
barriers / defense in depth

Fundamental Data Needs

Little information is available regarding the degradation/alteration of
other UNF types.
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Appendix A

FCT PROGRAM INTERFACE

Importance of Issue/Process and Adequacy of the Current State of the Art Relative to Decision Points

Site Screening

Site Selection

Site Characterization and Disposal System Design

Site Suitability

and Systems Engineering Effort

not necessary

represented but needs improvement)

supports or improves
decisions

represented but needs
improvement)

essential to decisions

Media DISCUSSION
Importance Adequacy Importance Adequacy Importance Adequacy Importance Adequacy
Interface with Fuels Campaign, Medium: Information Partially sufficient (issue can be Partially sufficient (issue can be iti i i iviti i i
Separations/Waste Form Campaign, NA N/A Low: Information useful but Partially sufficient (issue can be SUDDOrtS OF IMDroves e yresented but needs High: Information is e yresented but needs Input condition for design and safety analysis activities - importance increases
Systems Analysis Campaign, and not necessary represented but needs improvement) pports or Imp P essential to decisions P over time over decision process.
X decisions improvement) improvement)
Systems Engineering Effort
Techniques and methods to calculate inventory have been developed and exist.
Completely sufficient for legacy wastes (Navy, DOE-EM, existing LWR) -
estimates exist.
Interface with Separations/Waste Form Low: Information useful but Partially sufficient (issue can be Medium: Information Partially sufficient (issue can be High: Information is Partially sufficient (issue can be .
Campaign, Systems Analysis Campaign, N/A N/A " hot necessar e resentid but needs improvement) supports or improves represented but needs essgen.tial to docisions represented but needs Inventory estimates would need to be further developed and better represent the
and Systems Engineering Effort y p p decisions improvement) improvement) wastes that would be disposed of in the facility for the fuel cycle scenarios under]
consideration. The current information is therefore deemed partially sufficient to
support this decision.
Need to do the calculation once the fuel cycle scenarios are defined (i.e., MOX),
Interface with Separations/Waste Form . . . - " Medium: Information Partially sufficient (issue can be L - Partially sufficient (issue can be but techniques and methods exist and are adequate
N . . Low: Information useful but Partially sufficient (issue can be High: Information is
Campaign, Systems Analysis Campaign, N/A N/A

represented but needs
improvement)

Interface with Fuels Campaign, Systems
Analysis Campaign and Systems
Engineering effort within FCT. Interface
with programs in DOE-NE Office of New
Reactor Technologies. Interface with
UFD storage/transportation program.
These define UNF/SNF types and will
quantify input conditions as received for
disposal.

Interface with FCT Separations/Waste
Form Campaign - tools developed for
other waste forms can be applied to SNF |

Low: Information | Partially sufficient (issue

useful but not

necessary

can be represented but
needs improvement)

Low: Information useful but
not necessary

Partially sufficient (issue can be
represented but needs improvement)

Medium: Information
supports or improves
decisions

Insufficient (cannot adequately
represent issue)

High: Information is
essential to decisions

Insufficient (cannot adequately
represent issue)

Information is completely sufficient for legacy wastes (Navy, DOE-EM, existing
LWR) in an oxidizing information.

Adequacy of information applies to advanced reactor fuels that would be directly|
disposed. High-level representations could be developed at site selection
decision (partially sufficient). Since models of SNF degradation do not currently
exist for mixed oxide and advanced reactor fuels the current information is
deemed insufficient to support site characterization/design and site suitability.

Used Fuel Disposition Campaign
Disposal Research and Development Roadmap
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Appendix A

Process (Issue)

Ability to Address through Generic R&D

Importance of Issue/Process to Safety Case

State of the Art Relative to Issue/Process

Objective Feature Perf. b c
erformance esign, Construction
UFD FEP ID UFD FEP Title Process/Issue Description Yes/No/Partial Discussion A &N, A ’] Overall Confidence Discussion Status Discussion
I (Safety Analysis) Operations I I
2.1.02.06 |SNF Cladding - Initial damage
Degradation and - General Corrosion SNF degradation, including the clad, is expected to be of
Failure - Microbially Influenced Corrosion low importance in generic environments under
- Localized Corrosion consideration with respect to long-term performance.
- Enhanced Corrosion (silica, fluoride) However, if credit is being taken for cladding in the safety U.S. program evaluated the performance attributes of LWR - UOX
- Stress Corrosion Cracking analysis, then importance to the safety analysis would be cladding, but decided not to take credit for cladding in the Yucca
- Hydride Cracking high. Until a decision is made regarding the amount of Mountain License Application.
Containment, - Unzipping For UOX, MOX and "cladding" or "outer barrier" for an credit that would be ascribed to cladding, its importance to| Fundamental Gaps in Method
Limited Release Waste Form - Creep Yes other UNF from once-through and modified-opened High High Medium the safety analysis is deemed at high. o ’ Other programs directly disposing LWR SNF have taken no credit for
) . Fundamental Data Needs "
Engineered Barriers - Internal Pressure fuel cycles cladding.
- Mechanical Impact Would be low importance for design and operations -
there may be imposed thermal criteria to protect cladding Nothing is known about cladding or other "outer barrier" behavior for
or "outer barrier." other waste forms.
Medium importance is added to overall confidence -
multiple barriers / defense in depth
2.1.02.03 Degradation of [see also Complexation in EBS in
Organic/Cellulosic 2.1.09.54] Organic/Celluosic waste form materials are not
Materials in Waste anticipated, but are not precluded.
Estimated importance to performance as low, but any Limited knowledge in effepts on EB$ in deep geologic disposal
K X systems, but such materials are typically precluded from deep
Containment, effects would need to be captured in EBS environment geologic disposal
. Need to capture effects of organic degradation in EBS! modeling. Fundamental Gaps in Method, ’
Limited Release Waste Form Yes X . X N Low Low Low
. R environments if materials would be disposed of Fundamental Data Needs . -
Engineered Barriers . " . Some work has been performed in the EU examining the role of
Could have impact on sub-surface facility design, but . L N Ny N N
L R isosaccharinic acid complexation from cellulose degradation, primarily
anticipate low importance. )
focused on the disposal of low-level waste.
Estimated to be of low importance of the overall safety
case.
2.1.02.05 Pyrophoricity or [see also Gas Explosions in EBS in
Flammable Gas from  |2.1.12.04] Pyrophoric or flammable waste forms/materials are not
SNF or HLW anticipated, but are not precluded (for example, the direct
disposal of sodium-bonded fast reactor fuel).
Estimated importance to performance as low, but any
Containment, Operational safety issue. Specific to waste forms (i.e., effects would need to be captured in EBS environment Fundamental Gaps in Method
Limited Release Waste Form Yes metallic fuels). Would have to be understood if Low Low Low modeling. o ’ Limited knowledge in effects on EBS.
. R " Fundamental Data Needs
Engineered Barriers disposed of.
Could have impact on sub-surface facility design, but
anticipate low importance.
Estimated to be of low importance of the overall safety
case.
2.1.02.02 |HLW (Glass, Ceramic, |Degradation is dependent on:
Metal) Degradation - Composition
- Alteration / Phase - Geometry / Structure
Separation - Surface Area
Containment, - Dissolution / Leaching |- Damaged / Cracked Area s : "
Limited Release Waste Form - Cracking - Mechanical Impact Yes Specific R&D is scopeg;:eafiparat\ons/Waste Form
Engineered Barriers - Radionuclide Release |- THC Conditions palg
[see also Mechanical Impact in 2.1.07.07
and Thermal-Mechanical Effects in
2.1.11.06]
2.1.02.04 HLW (Glass, Ceramic,
. Metal) Recrystallization
Containment, . . .
Limited Release Waste Form Yes Specific R&D is scope of the Separat\ons/Waste Form
. R Campaign
Engineered Barriers|
2.1.03.00 1.03. WASTE
CONTAINER
2.1.03.01 Early Failure of Waste |- Manufacturlng defects Early waste container failure may be of high importance
Packages - Improper sealing for performance (magnitude of risk and timing) Depends on material/design. Some more advanced than others.
- Constructability and fabrication Also Material Specific. : .
Containment, technology ) h ’ . .
Limited Release Waste Packaging Partial - Design Specific | Need design/materials defined to conduct further R&D High High High Manner |‘n whlch waste contalqers are closed‘ could be of Fundamental Gaps in Method, U.S. program has evaluated manuflactunng defects for the ‘TAD and
. R - Lo high importance to design and operations. Fundamental Data Needs large waste package concept considered at Yucca Mountain. Other
Engineered Barriers| [see also Deviations from Design in . ! X "
N programs have also investigated closure techniques for different
1.1.08.01] Generic R&D on closure and NDE methods. . - .
Early waste package failure of high importance for overall materials.
confidence in the safety case
2.1.03.02 |General Corrosion of |- Dry-air oxidation
Waste Packages - Humid-air corrosion ) May be of high importance for performance in certain Cons‘lderable studies in the corrosion of a variety of metallic materials
- Aqueous phase corrosion . L o both in the U.S. and abroad that can be leveraged. Some knowledge
Passive film f i d stabili environments. In addition, the waste container is a key aps exist regarding degradation modes for various alloys under
- Passive film formation and stability . . part of a multiple-barrier disposal system concept and g p " 9 .g 9 . N . X v
Also media specific X X . various conditions. Little/no information available regarding new/novel
™ X . must be included in the safety analysis. N
Specific to EBS materials and concept design materials
Containment, . . - . . I At least Medium importance for design - could effect . F— . g -
Limited Release Waste Packaging Partial - Site Specific, Applies to waste container and any other "isolation High Medium High container / overpack design. Could impact handling / Fundamental Gaps in Method, Uncertainty in extrapolating short-term laboratory tests to long-time

Engineered Barriers|

Design Specific

barriers that could be included in a design.

Focus on material performance under various

conditions

operation (constraints)

High importance for overall confidence - primary isolation
barrier. Medium importance for for overall confidence in
specific EBS design concepts and repository
environments

Fundamental Data Needs

periods and spatially variable conditions.

Interest in gas generation resulting from corrosion in some programs
(Europe)

Potential for novel alloys with increased resistance to corrosion - little
information known.

Used Fuel Disposition Campaign
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Appendix A

FCT PROGRAM INTERFACE

Importance of Issue/Process and Adequacy of the Current State of the Art Relative to Decision Points

Media

Site Screening

Site Selection

Site Characterization and Disposal System Design

Site Suitability

Importance Adequacy

Importance

Adequacy

Importance

Adequacy

Importance

Adequacy

DISCUSSION

Interface with Fuels Campaign, Systems
Analysis Campaign and Systems
Engineering effort within FCT. Interface
with programs in DOE-NE Office of New
Reactor Technologies. Interface with
UFD storage/transportation program.
These define UNF/SNF types and will
quantify input conditions as received for
disposal.

Interface with FCT Separations/Waste
Form Campaign - tools developed for
other waste forms can be applied to SNF,

N/A N/A

Low: Information useful but Insufficient (cannot adequately

not necessary

represent issue)

Medium: Information
supports or improves
decisions

Insufficient (cannot adequately
represent issue)

High: Information is
essential to decisions

Insufficient (cannot adequately
represent issue)

Information is partially sufficient for LWR fuels - R&D could result in improved
representation of clad performance Insufficient level in adequacy of information
as applied to advanced reactor fuels that would be directly disposed.

Interface with Fuels Campaign, Systems
Analysis Campaign, Separations/Waste
Form campaign, and Systems
Engineering effort within FCT. Interface
with programs in DOE-NE Office of New
Reactor Technologies. Interface with
UFD storage/transportation program.
These define UNF/SNF and HLW types
and will quantify input conditions as
received for disposal.

N/A N/A

Low: Information useful but Insufficient (cannot adequately

not necessary

represent issue)

Medium: Information
supports or improves
decisions

Insufficient (cannot adequately
represent issue)

High: Information is
essential to decisions

Insufficient (cannot adequately
represent issue)

Importance and adequacy of information conditional on this type of material
having to be disposed of

Interface with Fuels Campaign, Systems
Analysis Campaign, Separations/Waste
Form campaign, and Systems
Engineering effort within FCT. Interface
with programs in DOE-NE Office of New
Reactor Technologies. Interface with
UFD storage/transportation program.
These define UNF/SNF and HLW types
and will quantify input conditions as
received for disposal.

N/A N/A

Low: Information useful but Insufficient (cannot adequately

not necessary

represent issue)

Medium: Information
supports or improves
decisions

Insufficient (cannot adequately
represent issue)

High: Information is
essential to decisions

Insufficient (cannot adequately
represent issue)

Importance and adequacy of information conditional on this type of material
having to be disposed of

Interface with Waste Form campaign and
NEAMS through GDSE. Tools evaluated
in the WF campaign may apply here.

Interface with Waste Form campaign and|
NEAMS through GDSE. Tools evaluated
in the WF campaign may apply here.

Interface with industry required -
(cask/canister fabricatiors). Interface with
UFD Transportation/Storage program
required, depending on "integrated"
approach to storage, transporation, and
disposal.

N/A N/A

N/A

N/A

N/A

N/A

Medium: Information
supports or improves
decisions

Insufficient (cannot adequately
represent issue)

Necessary to understand only at the site suitability phase. Current information is]
inadequate as materials and design are not defined.

Low importance at site screening - anticipate sites having geochemical
conditions that would result in low corrosion rates would be preferred. Existing

Interface with DOE-NE advanced reactor . I -
information is sufficient.

programs, FCT fuels campaign, and
separations/waste form campaign - Low: Information
material development and techniques. useful but not
Interface with NEAMS for advanced necessary
modeling and simulation of waste
container materials.

Completely sufficient (no | Low: Information useful but Partially sufficient (issue can be
additional info needed) not necessary represented but needs improvement) essential to decisions

High: Information is Insufficient (cannot adequately High: Information is Insufficient (cannot adequately Low importance at site selection - high level models needed. Exist for most
represent issue) essential to decisions represent issue) traditional waste container materials, but not for novel/new materials.

High importance at site characterization/design and site suitability phases.
Improved and defensible models would need to be in place for materials
selected and design.

Used Fuel Disposition Campaign
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Objective

Feature

Process (Issue)

Ability to Address through Generic R&D

Importance of Issue/Process to Safety Case

State of the Art Relative to Issue/Process

UFD FEP ID

UFD FEP Title

Process/Issue Description

Yes/No/Partial

Discussion

Discussion

Status

Discussion

Containment,
Limited Release
Engineered Barriers|

Waste Packaging

2.1.03.03

Stress Corrosion
Cracking (SCC) of
Waste Packages

- Crack initiation, growth and propagation
- Stress distribution around cracks

Partial - Site Specific,
Design Specific

Also media specific

Specific to EBS materials and concept design

Applies to waste container and any other "isolation”
barriers that could be included in a design.

Focus on material performance under various

conditions

May be of high importance for performance for certain
materials in certain environments. Some safety
assessments do not consider SCC important. Stress
corrosion cracking (SCC) does not appear to play a big
role on copper canister corrosion, even at elevated
temperatures. In other repository programs such as
Canada and Japan, stress corrosion cracking is not
considered on the basis of chemical threshold
concentrations and low amounts of SCC agents for this
process to occur.

Medium importance for design - could affect container /
overpack design

High importance for overall confidence - primary isolation
barrier. Medium importance for for overall confidence in
specific EBS design concepts and repository
environments.

Fundamental Gaps in Method,
Fundamental Data Needs

Considerable studies in the corrosion of a variety of metallic materials
both in the U.S. and abroad.

SCC may not be an issue for some materials in specific environments.

Need to identify conditions which SCC can occur (materials and
environments).

Containment,
Limited Release
Engineered Barriers|

Waste Packaging

2.1.03.04

Localized Corrosion of
Waste Packages

- Pitting
- Crevice corrosion
- Salt deliquescence

[see also 2.1.09.06 Chemical Interaction
with Backfill]

Partial - Site Specific,
Design Specific

Also media specific

Specific to EBS materials and concept design

Applies to waste container and any other "isolation”
barriers that could be included in a design.

Focus on material performance under various

conditions

May be of high importance for performance in certain
environments.

Medium importance for design - could effect
container/overpack design

High importance for overall confidence - primary isolation
barrier.

Fundamental Gaps in Method,
Fundamental Data Needs

Considerable studies in the corrosion of a variety of metallic materials
both in the U.S. and abroad.

Improved understanding of localized corrosion effects, in particular
stress corrosion cracking, pitting, and crevice corrosion would lead to
improved modeling and understanding of waste package
performance.

Containment,
Limited Release
Engineered Barriers|

Waste Packaging

2.1.03.05

Hydride Cracking of
Waste Packages

- Hydrogen diffusion through metal matrix
- Crack initiation and growth in metal
hydride phases

Partial - Site Specific,
Design Specific

Also media specific

Specific to EBS materials and concept design

Applies to waste container and any other "isolation”
barriers that could be included in a design.

Focus on material performance under various

conditions

Performance Design, Construction
! en, X ' Overall Confidence
(Safety Analysis) Operations
High Medium High
High Medium High
High Medium High

May be of high importance for performance in certain
environments.

Medium importance for design - could effect
container/overpack design

High importance for overall confidence - primary isolation
barrier.

Fundamental Gaps in Method,
Fundamental Data Needs

Considerable studies in the corrosion of a variety of metallic materials
both in the U.S. and abroad.

Long-term effects such as hydrogen embrittlement, de-alloying, creep,
segregation, radiation damage, oxide wedging, and the effect of
radiolysis on the potential aqueous phase in contact with metallic

barrier materials.

Identify modeling feasibility of radiolytic effects on corrosion.

Containment,
Limited Release
Engineered Barriers|

Waste Packaging

2.1.03.06

Microbially Influenced
Corrosion (MIC) of
Waste Packages

- Potential EBS environments for MIC to
develop in repository environments

Yes - and any other
"isolation" barriers that
could be included in a
design. Material focus

Waste container and any other "isolation" barriers that
could be included in a design. Material focus.

R&D to address topic covered in R&D regarding corrosion process
above (see 2.1.03.02 - 2.1.03.05)

Containment,
Limited Release
Engineered Barriers|

Waste Packaging

2.1.03.07

Internal Corrosion of
Waste Packages Prior
to Breach

Partial - Design Specific

Need to know specific waste package design,
materials that will be contained, and EBS environment
Cannot do specific R&D on internal corrosion, but can

investigate as part of overall material performance

R&D

R&D to address topic covered in R&D regarding corrosion process
above (see 2.1.03.02 - 2.1.03.05)

Containment,
Limited Release
Engineered Barriers|

Waste Packaging

2.1.03.08

Evolution of Flow
Pathways in Waste
Packages

- Evolution of physical form of waste
package
- Plugging of cracks in waste packages

[see also Evolution of Flow Pathways in
EBS in 2.1.08.06, Mechanical Impacts in
2.1.07.05, 2.1.07.06, and 2.1.07.07,
Thermal-Mechanical Effects in 2.1.11.06
and 2.1.11.07]

Partial - Design Specific

Also material specific.

Condition of failed package (characteristics and
distribution of potential flow pathways through

corrosion penetrations)

Methods for modeling/representing flow through

breached waste packages

Medium Low Medium

Medium Safety Analysis - affects source term from
breached waste packages

Low for design/construciton/operations - Will result from
the materials selected primarily for containment purposes

Overall - part of EBS and its performance

Highly dependent on EBS design concept

Improved Representation

Typically conservative models applied to flow through perforated
waste packages.

2.1.04.00

1.04. BUFFER/
BACKFILL

Containment,
Limited Release
Engineered Barriers|

Backfill/Buffer

2.1.04.01

Evolution and
Degradation of
Backfill/buffer

- Alteration

- Thermal expansion / Degradation
- Swelling/Compaction

- Erosion/Dissolution

- Evolution of backfill flow pathways

[see also Evolution of Flow Pathways in
EBS in 2.1.08.06, Mechanical Impact in
2.1.07.04, Thermal-Mechanical Effects in
2.1.11.08, Chemical Interaction in
2.1.09.06]

Partial - Design Specific

Specific R&D would require establishment of design

and selection of material.

Generic R&D could be conducted on backfill/buffer

materials independent of design.

High High High

May be of high importance for performance in certain
environments - governs "source term" release upon failure|
of waste packages for certain designs in certain
environments.

High importance for design/construction - could effect
disposal system design, how it is constructed, and
emplacement of waste and backfill/buffer (i.e., size of
waste packages and spacing).

High importance for overall confidence - secondary
isolation barrier and long-term barrier performance

Fundamental Gaps in Method,
Fundamental Data Needs

Other countries have performed considerable investigations into
different backfill and buffer materials (bentonite and cementitious
materials).

Additional R&D needed to better understand processes associated
with backfill/buffer for these materials.

Little/no information available regarding new/novel buffere/backfill
materials

2.1.05.00

1.05. SEALS

Used Fuel Disposition Campaign
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FCT PROGRAM INTERFACE

Importance of Issue/Process and Adequacy of the Current State of the Art Relative to Decision Points

Media

Site Screening

Site Selection

Site Characterization and Disposal System Design

Site Suitability

Importance

Adequacy

Importance

Adequacy

Importance

Adequacy

Importance

Adequacy

DISCUSSION

Interface with DOE-NE advanced reactor
programs, FCT fuels campaign, and
separations/waste form campaign -

material development and techniques.
Interface with NEAMS for advanced
modeling and simulation of waste
container materials.

Low: Information
useful but not
necessary

Completely sufficient (no
additional info needed)

Low: Information useful but
not necessary

Partially sufficient (issue can be
represented but needs improvement)

High: Information is
essential to decisions

Insufficient (cannot adequately
represent issue)

High: Information is
essential to decisions

Insufficient (cannot adequately
represent issue)

Low importance at site screening - anticipate sites having geochemical
conditions that would result in low corrosion rates would be preferred. Existing
information is sufficient.

Low importance at site selection - high level models needed. Exist for most
traditional waste container materials, but not for novel/new materials.

High importance at site characterization/design and site suitability phases.
Improved and defensible models would need to be in place for materials
selected and design.

Interface with DOE-NE advanced reactor
programs, FCT fuels campaign, and
separations/waste form campaign -

material development and techniques.
Interface with NEAMS for advanced
modeling and simulation of waste
container materials.

Low: Information
useful but not
necessary

Completely sufficient (no
additional info needed)

Low: Information useful but
not necessary

Partially sufficient (issue can be
represented but needs improvement)

High: Information is
essential to decisions

Insufficient (cannot adequately
represent issue)

High: Information is
essential to decisions

Insufficient (cannot adequately
represent issue)

Low importance at site screening - anticipate sites having geochemical
conditions that would result in low corrosion rates would be preferred. Existing
information is sufficient.

Low importance at site selection - high level models needed. Exist for most
traditional waste container materials, but not for novel/new materials.

High importance at site characterization/design and site suitability phases.
Improved and defensible models would need to be in place for materials
selected and design.

Interface with reactor, fuels, waste form
material development and techniques.
NEAMS

Low: Information
useful but not
necessary

Completely sufficient (no
additional info needed)

Low: Information useful but
not necessary

Partially sufficient (issue can be
represented but needs improvement)

High: Information is
essential to decisions

Insufficient (cannot adequately
represent issue)

High: Information is
essential to decisions

Insufficient (cannot adequately
represent issue)

Low importance at site screening - anticipate sites having geochemical
conditions that would result in low corrosion rates would be preferred. Existing
information is sufficient.

Low importance at site selection - high level models needed. Exist for most
traditional waste container materials, but not for novel/new materials.

High importance at site characterization/design and site suitability phases.
Improved and defensible models would need to be in place for materials
selected and design.

Interface with the UFD-NS program

N/A

N/A

Low: Information useful but
not necessary

Completely sufficient (no additional info
needed)

Low: Information useful but
not necessary

Insufficient (cannot adequately
represent issue)

Medium: Information
supports or improves
decisions

Insufficient (cannot adequately
represent issue)

Not applicable at site screening phase.

Low importance at site selection and site characterization/design - high level
models needed (could be conservative).

Medium importance at site suitability phases. Improved and defensible models
would need to be in place for materials selected and design - also depends on
"credit" taken for flow paths through waste containers.

Interface with UFD-NS program (EDZ-NS
interface)

N/A

N/A

Low: Information useful but
not necessary

Completely sufficient (no additional info
needed)

High: Information is
essential to decisions

Insufficient (cannot adequately
represent issue)

High: Information is
essential to decisions

Insufficient (cannot adequately
represent issue)

Only applicable to concepts that include backfill/buffer. Strong dependency on
EBS design concepts and processes.

Not applicable at site screening phase.

Low importance at site selection - high level models needed. Exist for most
traditional buffer/backfill materials, but not for any novel/new materials.

High importance at site characterization/design and site suitability phases.
Improved and defensible models would need to be in place for materials
selected and design.
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Process (Issue)

Ability to Address through Generic R&D

Importance of Issue/Process to Safety Case

State of the Art Relative to Issue/Process

Objective Feature Perf. b c
- _— " . . erformance esign, Construction " . . . .
UFD FEP ID UFD FEP Title Process/Issue Description Yes/No/Partial Discussion A &N, A ’] Overall Confidence Discussion Status Discussion
= (Safety Analysis) Operations = =
2.1.05.01 Degradation of Seals |- Alteration / Degradation / Cracking
- Erosion / Dissolution / precipitation . May be of high importance for performance in certain Various countries, including USA and international repository
- Asphalt seals: degradation as a function environments - Could provide preferential pathways for programs, have conducted investigations on the stability and
of temperature and degassing release. degradation of concretes and other sealing materials. WIPP has a
. . Also media specific certified seal design and the Swedish and Finnish programs are well
[see also Mechanical Impact in 2.1.07.08, P ’ Seal degradation could influence local chemistry advanced in granite environments.
Thermal-Mechanical Effects in 2.1.11.09, " . )
Containment, Chemical Interaction in 2.1.09.08] . ) " Specific R&D would reqire establishment of seal Medium importance for design/construction: Since the . A collaborative research program has been developed by DOE-EM
o Partial - Site Specific, design and selection of material - compatible with . . . . N N Fundamental Gaps in Method, N N " " .
Limited Release Seals . o . N High Medium High seals are a key part of the waste isolation system, their Office of Waste Processing named the "Cementitious Barriers
. . Design Specific site/media. . . 3 . . Fundamental Data Needs . . 3
Engineered Barriers| importance to design and /construction/ operations is Partnership". The UFD EBS program will focus mainly on the
N . important. However, the design/construction/operation of development of thermodynamic database to be used in the prediction
Generic R&D could be conducted on seal materials - . . .
R . 8 . the overall facility does not depend on the seals of solubilities of cementitous phases and a computational tool to
independent of design and site/media. g h
themselves. perform these calculations. It will also evaluate model concepts of
cement corrosion and degradation processes. Modeling of solid
High importance for overall confidence - potential solution phenomena is key to the accurate representation of cement
isolation barrier. barrier degradation.
2.1.06.00 1.06. OTHER EBS
MATERIALS
2.1.06.01 Degradaltlon of Liner/ »Alterat\‘on/Degradat\on/Cracklng Expected to be of medium at most direct importance to
Rock Reinforcement - Corrosion :
Materials in EBS - Erosion / Dissolution / Spall long-term performance. May be of secondary importance
aterials in rosion /9isso u‘\on pa "9 by affecting other engineered materials
- Dual purpose of liner acting as
structural” feature plus as ‘a baff'er Also media specifc. Could be of high importance to repository design and Other countries have investigated a variety of disposal system
component (e.g., getter or isolation N N K . H R X
" . . construction. designs, including other engineered barriers system materials
Containment purposes). Specific R&D would require establishment of sub-
Limited Release Other Engineered . . Partial . Site Spgplflc, surface design and sgleclt\on of rpater\als - compatiole Medium High Medium Estimated at medium importance for overall confidence - Improved Representation Improved understanding of other EBS material degradation and
. R Features [see also Mechanical Impact in 2.1.07.08, Design Specific with site/media. ™ . X . . X
Engineered Barriers Th -Mechanical Effects in 2.1.11.09 tunnel stability during operations impacts on other EBS processes (i.e., chemistry) are needed. For
Cherm_a -I Ietc ant\_ca . 2ec1 503107 o Generic R&D could be conducted on materials example, degradation modes at the cement / rock and cemen / metal
emical Interaction in 2.1.09.07] R X " " Degradation within this disposal domain could translate in barrier interfaces.
independent of design and site/media. N . . N
eventual fast percolation paths in the neighboring bounds
of the disposal gallery. However, anticipated 'healing’
processes could mitigate the resulting effects deletirous to
barrier performance.
2.1.07.00 1.07. MECHANICAL
PROCESSES
2.1.07.01 Rockfall - Dynamic loading (block size and Site Specific, Design Specific
velocity)
Containment, Anticipate that site screening and site selection would
Limited Release Engineered Barriers [see also Mechanical Effects on Host No prefer geologic conditions that would maximize
Engineered Barriers Rock in 2.2.07.01] drift/tunnel stability and minimize the potential for
rockfall. However, this cannot be assessed with
generic R&D.
2.1.07.02 |- Drift Collapse - Static loading (rubble volume)
I?Dr? deformation Q:Eera:.\on o; ZeBeSp?lge th Importance to performance estimated at medium. May be;
( ) R (Iera \otnto " ow:( pa wayls 2 N/A for some design concepts and environments.
- ne et\(an Io CfOr;S fuction, pre-closure Also media specific. Mechanical effects in emplacement tunnels, rooms, etc. have been
operational satety . . Estimated to be of high importance to design - could limit investigated in other geologic disposal programs. Being investigated
- Borehole / tunnel integrity Specific R&D would requi blishment of sub I "room,” tunnel, or borehole si d f EDZ R&D
Containment  Alteration of EBS thermal environment pecific R&D would require establishment of sub- emplacement "room," tunnel, or borehole size, groun as part o &D.
o ! . . Partial - Site Specific, | surface design, selection of materials, and operational . . . support system, pre-closure safety, etc. Fundamental Gaps in Method,
Limited Release Engineered Barriers . " ‘ . L " Medium High High . .
Engi d Barri Iso Evoluti { Flow Path . Design Specific techniques - compatible with site/media. Fundamental Data Needs Relevant to construction operations, waste emplacement, and the
neineered Barriers [see ?50 volution 0 (.)W atways in Medium importance assumed for overall confidence emplacement of backfill material. THM processes could enhance the
EBS in 2.1.08.06, Chemical Effects of . . . . . "
Drift Coll in 2.1.09.12. and Effects of Generic R&D could be conducted on performance and importance excavated damage zone thus influencing the hydraulic properties of
nitotapse in <.1.09.12, an ects o impacts independent of design and site/media. the EBS backfill/buffer materials.
Drift Collapse on TH in 2.1.11.04, " " . .
" . Important for backfilled repository designs in hard or
Mechanical Effects on Host Rock in sedimentary rock
2.2.07.01] ’
2.1.07.03 Mechanical Effects of |- Degradation of backfill due to
Backfill mechanical processes
- Protection of other EBS components
from rockfall / drift collapse
Importance to performance estimated at medium. May be!
N/A for some design concepts and environments. Could
Specific R&D would require establishment of design provide mechanical protection to waste container. . .
Containment, and selection of material. o ) ) ) Relevant to construc_non ope_ratlons, waste emplacement, and the
Limited Release Backfill/Buffer Partial - Design Specific Medium Medium High Medium importance for design/construction - could effect Fundamental Gaps in Method, emplacement of backfill material. THM processes could enhance the

Engineered Barriers|

Generic R&D could be conducted on backfill/buffer

materials independent of design.

EBS design, how EBS is constructed, and emplacement
of waste and backfill/buffer

High importance for overall confidence - secondary
isolation barrier and long-term barrier performance

Fundamental Data Needs

excavated damage zone thus influencing the hydraulic properties of
the EBS backfill/buffer materials.
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Appendix A

Importance of Issue/Process and Adequacy of the Current State of the Art Relative to Decision Points

FCT PROGRAM INTERFACE

Site Screening

Site Selection

Site Characterization and Disposal System Design

Site Suitability

Media DISCUSSION
Importance Adequacy Importance Adequacy Importance Adequacy Importance Adequacy
Interface with UFD-NS program (EDZ-NS Not applicable at site screening or site selection phases.
interface) NA NA Low: Information useful but | Completely sufficient (no additional info xedlourg g:fi(:;mra;\ll(:; Insufficient (cannot adequately High: Information is Insufficient (cannot adequately | Medium importance at site characterization/design - would need information to
. . not necessary needed) PP - P represent issue) essential to decisions represent issue) begin design of seal system. High importance at site suitability phases -
Intefrace with DOE-EM -- Cement Barrier| decisions . . N
: understanding would need to support defensible representation of seal
Partnership (CBP)
performance.
Not applicable at site screening or site selection phases.
. Medium: Information . . P .
Interface with UFD- NS program (EDZ- N/A N/A N/A N/A supports or improves Insufficient (canngt adequately High: llnformat\lorj s Insufficient (canngt adequately Medium importance at site characterization/design - would need information to
NS Interface) L represent issue) essential to decisions represent issue) . N A . P .
decisions begin design of EBS. High importance at site suitability phases - understanding
would need to support defensible representation of EBS performance.
Not applicable at site screening or site selection phases.
Medium importance at site characterization/design - would need information to
Interface with UFD-NS program (NS-EDZ Medium: Infgrmatlon Insufficient (cannot adequately High: Information is Insufficient (cannot adequately begln_desu_:_;n O.f.EBS - including tunnel/rpom/borehole design. High \mport_ance
N/A N/A N/A N/A supports or improves X X - X at site suitability phases - understanding would need to support defensible
Interface) . represent issue) essential to decisions represent issue) ! !
decisions representation of EBS performance and EBS design.
Strong dependency on EBS design concepts and processes. Important for pre-
closure emplacement activities and safety
Only applicable to concepts that include backfill/buffer. Strong dependency on
EBS design concepts and processes.
Not applicable at site screening phase.
Low importance at site selection - high level models needed. Exist for most
Interface with UFD-NS program (EDZ-NS N/A N/A Low: Information useful but [ Completely sufficient (no additional info High: Information is Insufficient (cannot adequately High: Information is Insufficient (cannot adequately traditional buffer/backfill materials, but not for any novel/new materials.
interface) not necessary needed) essential to decisions represent issue) essential to decisions represent issue) A . - . . -
High importance at site characterization/design and site suitability phases.
Improved and defensible models would need to be in place for materials
selected and design.
Strong dependency on EBS design concepts and processes
Important for pre-closure emplacement activities and safety
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Appendix A

Process (Issue) Ability to Address through Generic R&D Importance of Issue/Process to Safety Case State of the Art Relative to Issue/Process
Objective Feature Perf. b c
erformance esign, Construction
UFD FEP ID UFD FEP Title Process/Issue Description Yes/No/Partial Discussion A en, A ’| Overall Confidence Discussion Status Discussion
= (Safety Analysis) Operations = =
2.1.07.04 Mechanical Impact on |- Rockfall / Drift collapse
Backfill - Hydrostatic pressure
- Internal gas pressure
[see also Degradation of Backfill in Relevant to emplacement of backfill material and potential impact on
Contai t, 2.1.04.01 and Thermal-Mechanical Effects| . . " . . . . . I i i ial.
. 0," ainmen " N Partial - Site Specific, " . . . Importance estimated at high for design construction Fundamental Gaps in Method, the expected hydraulic properties of the backiillbuffer material. THM
Limited Release Backfill/Buffer in2.1.11.08] . o R&D to asses backfill mechanical behavior Low High Low 9 processes could enhance the excavated damage zone thus
. R Design Specific operations Fundamental Data Needs . " N N . .
Engineered Barriers| influencing the hydraulic properties of the EBS backfill/buffer materials|
but long-term 'healing' is expected to mitigate these perturbations.
2.1.07.05 Mechanical Impact on |- Rockfall / Drift collapse
Waste Packages - Waste package movement Importance dependent on rock type and design of EBS .
- Hydrostatic pressure May be of high importance for performance in certain
- Internal gas pressure environments. In addition, the waste container is a key
- Swelling corrosion products part of a multiple-barrier disposal system concept and
must be included in the safety analysis. Data needs on the effect of loading on waste package surface and
. [see also Thermal-Mechanical Effects in . . . corrosion. Evolution and characterization of degradation modes at the
Cont t, ) . . L ) . ) ) )
~ontainmen ) 2.1.11.07] Partial - Site Specific, Cannot do specific R&D without design and ) ) ) At least Medium importance for design - could effect Fundamental Gaps in Method, waste package interface in the presence of hydrated buffer/backfill
Limited Release Waste Packaging . i environment. Can perform generic R&D to asses High Medium High h . . . X
. . Design Specific . . N container / overpack design and design of surrounding Fundamental Data Needs materials.
Engineered Barriers waste package material mechanical behavior N . A .
EBS. Could impact handling / operation (constraints)
Potential emplacement issues
High importance for overall confidence - primary isolation
barrier. Medium importance for for overall confidence in
specific EBS design concepts and repository
environments
2.1.07.06 Mechanical Impact on |- Drift collapse
SNF Waste Form - Swelling corrosion products
[see also Thermal-Mechanical Effects in
2.1.11.06]
Containment, Partial - Site Specifi Fundamental Gaps in Method Mechanical effects could b iated with waste form degradati
Limited Release Waste Form artial - site Specilic, R&D to asses SNF material mechanical behavior Medium Medium Medium Importance estimated at medium for all undamenta’ zaps in Method, echanical etlects could be associated with wasle form degradation
. R Design Specific Fundamental Data Needs (volume changes) but these are expected to minimal.
Engineered Barriers|
2.1.07.07 Mechanical Impact on |- Drift collapse
HLW Waste Form - Swelling corrosion products
Containment, - Emplacement - . .
Limited Release Waste Form - Overall mechanical durability No Specific R&D is scope of the separanons/Waste Form
N R Campaign
Engineered Barriers|
[see also Thermal-Mechanical Effects in
2.1.11.06]
2.1.07.08 Mechanical Impact on |- Rockfall / Drift collapse Also media specific.
Other EBS - Movement Other countries have investigated a variety of disposal system
Components - Hydrostatic pressure Specific R&D would require establishment of sub- designs, including other engineered barriers system materials
Containment, . - Seals - Swelling corrosion products I - surface design and selection of materials - compatible .
Limited Release Other Engineered - Liner/Rock Partial . Site Sp?f:lflc, with site/media. Low Low Low Importance estimated at medium for all Fundamental Gaps in Method, Improved understanding of other EBS material degradation and
) R Features X . . Design Specific Fundamental Data Needs .
Engineered Barriers Reinforcement [see also Thermal-Mechanical Effects in impacts on other EBS processes.
Materials 2.1.11.09] Generic R&D could be conducted to assess materials
- Waste Package mechanical behavior independent of design and Specific to repository environment and design.
Support Materials site/media.
2.1.07.09 Mechanical Effects at |- Component-to-component contact (stati]
EBS Component or dynamic) Expected to be of high importance to long-term barrier
Interfaces performance - interactions at waste package/waste form
- Volume changes interface may be of more importance. Interface at
buffer/backfill and rock interface may also be of
importance. Degradation of metallic barriers at the
" ) ) bUffe'/"““f'” interface can be very important in the Identification of key interaction at EBS barrier interfaces needs to be
Specific R&D would require establishment of sub- generation of 'redox barriers' that could enhance barrier . L N
. . ) N . . 3 X established. Clay-metal barrier interfaces can be subjected to metal
. surface design, selection of materials, and operational performance with time. Also, interfacial domains can also N . N
Containment, techniques - compatible with site/media. served as loci for large transport and chemical gradients Fundamental Gaps in Method barrier degradation (e.g., metal corrosion) due to the presence of
Limited Release Engineered Barriers Partial - Design Specific a P ) High High Low 9 P g P ’ hydrous phases (clays) that could dehydrate at elevated

Engineered Barriers|

Methods and parameters for material-material

interfaces

where these could strongly influence the overall barrier
performance.

Exptected to be of low importance to repository design
and construction.

Estimated at low importance for overall confidence -
demonstration of understanding of mechanical
interactions

Fundamental Data Needs

temperatures. Models and experiments need to be developed to
assess these interactions with fluids at barrier interfaces and their
effects to barrier performance.
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FCT PROGRAM INTERFACE

Appendix A

Importance of Issue/Process and Adequacy of the Current State of the Art Relative to Decision Points
Site Screening Site Selection Site Characterization and Disposal System Design Site Suitability
Media DISCUSSION
Importance Adequacy Importance Adequacy Importance Adequacy Importance Adequacy
Only applicable to concepts that include backfill/buffer. ~Strong dependency on
EBS design concepts and processes.
Not applicable at site screening phase.
I_nterface with UFD-NS program (EI_)Z-NS N/A N/A High: .Informatl.orj is Completely sufficient (no additional info High: .Informatl.orj is Insufficient (canngt adequately High: .Informatl.orj is Insufficient (cannc_)t adequately Low importance at site selection - high level models needed. Exist for most
interface) - EDZ and EBS erosion issues essential to decisions needed) essential to decisions represent issue) essential to decisions represent issue) L ¥ . N
traditional buffer/backfill materials, but not for any novel/new materials.
High importance at site characterization/design and site suitability phases.
Improved and defensible models would need to be in place for materials
selected and design.
Not applicable at site screening and site selection phase.
linterface with UFD storge & S . A N - .
transportation program - Initial condition Low: Information useful but [ Completely sufficient (no additional info Medium: Inf_ormatlon Insufficient (cannot adequately High: Information is Insufficient (cannot adequately Medium m;_)orta_mce atsite .C hgractenzatlon/dgslgn need to under_stand
L N/A N/A supports or improves X X . X mechanical impacts an its impacts on design and safety analysis.
of waste packages in integrated not necessary needed) decisions represent issue) essential to decisions represent issue)
container/waste package system. Medium importance at site suitability phases. Improved and defensible models
would need to be in place for materials selected and design.
Information is completely sufficient for legacy wastes (Navy, DOE-EM, existing
LWR).
Interface with Separations/Waste Form
Campaign in R&D on mechanical A N T N Adequacy of information applies to advanced reactor fuels that would be directly
. " . . . - " Medium: Information - Medium: Information - . N N " N
damage to all waste forms (including Low: Information useful but Partially sufficient (issue can be . Insufficient (cannot adequately . Insufficient (cannot adequately disposed. High-level representations could be developed at site selection
. N N/A N/A N supports or improves X supports or improves X L . L N .
SNF). Integration with UFD Storage & not necessary represented but needs improvement) - represent issue) - represent issue) decision (partially sufficient). Since models of SNF degradation do not currently
N . " decisions decisions N X . . o
Transportation R&D - initial condition of exist for mixed oxide and advanced reactor fuels the current information is
SNF deemed insufficient to support site characterization/design and site suitability.

Some dependency on EBS design concepts and processes

Interface with UFD- NS program (EDZ-

Not applicable at site screening or site selection phases.

Medium: Infgrmatlon Insufficient (cannot adequately Medium: Infgrmatlon Insufficient (cannot adequately | Medium importance at site characterization/design - would need information to
N/A N/A N/A N/A supports or improves X supports or improves X . 3 S " L
NS Interface) . represent issue) . represent issue) begin design of EBS. Medium importance at site suitability phases -
decisions decisions . " N
understanding would need to support defensible representation of EBS
performance.
Not applicable at site screening or site selection phases.
Medium importance at site characterization/design - would need information to
A ) A ) begin design of EBS - including tunnel/room/borehole design and material
N Medium: Information - Medium: Information
Interface with UFD-NS program (NS-EDZ| Insufficient (cannot adequately
Interface) N/A N/A N/A N/A

supports or improves
decisions

represent issue)

supports or improves
decisions

Insufficient (cannot adequately
represent issue)

need to support defensible representation of EBS performance and EBS design,

selection. Medium importance at site suitability phases - understanding would
including interactions.

Strong dependency on EBS design concepts and processes. Important for pre-
closure emplacement activities and safety
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Appendix A

Process (Issue)

Ability to Address through Generic R&D

Importance of Issue/Process to Safety Case

State of the Art Relative to Issue/Process

Objective Feature Perf. b c
erformance esign, Construction
UFD FEP ID UFD FEP Title Process/Issue Description Yes/No/Partial Discussion A en, R ’| Overall Confidence Discussion Status Discussion
= (Safety Analysis) Operations = =
2.1.07.10 Mechanical - Floor buckling
Degradation of EBS - Fault displacement
- Initial damage from excavaion /
construction
- Consolidation of EBS components
- Degradation of waste package support
structure
Containment, - Alteration of EBS flow pathways "Broad" mechanical degradation of the EBS is media
Enum:ee:ieze;:rsizrs Engineered Barriers [see also Mechanical Effects from No specific and 2;&: :gte:(ljfljcr.e;&;ﬂ So?ogﬁ:nenc systems
8! Preclosure in 1.1.02.02, Evolution of Flow pic.
Pathways in EBS in 2.1.08.06, Drift
Collapse in 2.1.07.02, Degradation in
2.1.04.01, 2.1.05.01, and 2.1.06.01, and
Mechanical Effects on Host Rock in
2.2.07.01]
2.1.08.00 ]1.08. HYDROLOGIC
PROCESSES
2.1.08.01 Flow Through the EBS |- Saturated / Unsaturated flow
- Preferential flow pathways
- Density effects on flow
- Initial hydrologic conditions
- Flow pathways out of EBS
Limited Release - ) ) [see also Open queholes in 1.1.01.01, Partial - Site Specific, | Generic R&D captured in flow through individual EBS Broad" Flow through the EBS cannot be assessgq throu'gh generic
. } Engineered Barriers Thermal-Hydrologic Effects from . o . R&D. EBS flow processes through specific barrier
Enineered Barriers . 3 Design Specific components above and issues below. X
Preclosure in 1.1.02.03, Flow in Waste components/materials addressed below.
Packages in 2.1.08.02, Flow in Backfill in
2.1.08.03, Flow through Seals 2.1.08.04,
Flow through Liner in 2.1.08.05, Thermal
Effects on Flow in 2.1.11.10, Effects of
Gas on Flow in 2.1.12.02]
2.1.08.02 C\I[owtln:ndkThrough ’\S/Iaturatedt/ Uq:gtufflated ﬂ%w ot Medium Safety Analysis - afffects source term from
aste Packages lovement as thin films or droplets breached waste packages
Low - Design/Construction/Operation - Materials will be
selected primarily for containment purposes, however
understanding of the flow characteristics through waste
Llrmted Releas.e - Waste Packaging Yes Methods and Properties/Parameters Medium Low Medium package perforations is |mportant_and underst_andlng_ Improved Representation Typically conservative models applied to flow through perforated
Enineered Barriers would preclude the use of conservative models (i.e., entire| waste packages.
waste package degrades)
Overall Confidence medium - part of EBS and its
performance
2.1.08.03 Flow in Backfill - Fracture / Matrix flow
May be of high importance for performance in certain
environments - governs "source term" release upon failurej
of waste packages for certain designs in certain
environments. Other countries have evaluated flow through buffer/backfill materials.
Limited Release - . . . . . .
Enineered Barriers Backfill/Bufer Yes Methods and Properties/Parameters High Medium High Medium importance for design - could effect backfill/buffer| Fundamental Gaps in Method Improved models of flow through breaches could increase
design and emplacement techniques understanding of releases from the engineered barriers.
High importance for overall confidence - secondary
isolation barrier.
2.1.08.04 Flow Through Seals - Fracture / Matrix flow
- Gas transport Also media specific. May be of high importance for performance in certain
- . . environments - Could provide preferential pathways for Improved models of flow through breaches could increase
Specific R&D would require establishment of seal release. . N N
3 N N N " understanding of releases from the engineered barriers. For
oo . . - design and selection of material - compatible with . " N N
Limited Release - Partial - Site Specific, ; N . . . L . . Fundamental Gaps in Method, cementitious barriers, reactive transport models need to be developed
. i Seals . i site/media. High High High High importance for design/construction - could be key N
Enineered Barriers Design Specific part of isolation system Fundamental Data Needs to assess barrier seal performance from processes such as
Generic R&D could be conducted on seal materials carbonation, sulftate attack, aTr:':::uglted phenomena influencing gas
independent of design and site/media - method and High importance for overall confidence - potential port.
parameter development. isolation barrier.
2.1.08.05 Flow Through Liner /
Rock Reinforcement Also media specific.
Materials in EBS
Specific R&D would require establishment of sub- Expected to be of low direct importance to long-term
surface design and selection of materials - compatible performance.
. R . . . " with site/media. . Reactive transport models need to be developed to assess barrier
Limited Release Other Engineered Partial - Site Specific, Low High Medium Could be of high importance to repository design and Fundamental Gaps in Method, seal performance and interactions with fluids at barrier interfaces that

Enineered Barriers

Features

Design Specific

Generic R&D could be conducted to develop/improve
methods and properties/parameters independent of
design and site/media.

Methods and Properties/Parameters

construction.

Estimated at medium importance for overall confidence

Fundamental Data Needs

could influence gas generation and transport.
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Appendix A

FCT PROGRAM INTERFACE

Importance of Issue/Process and Adequacy of the Current State of the Art Relative to Decision Points

Media

Site Screening

Site Selection

Site Characterization and Disposal System Design

Site Suitability

Importance

Adequacy

Importance

Adequacy

Importance

Adequacy

Importance

Adequacy

DISCUSSION

Potential interface with NS, depending on|
design of EBS

N/A

N/A

Low: Information useful but
not necessary

Completely sufficient (no additional info
needed)

Low: Information useful but
not necessary

Partially sufficient (issue can be
represented but needs
improvement)

Medium: Information
supports or improves
decisions

Insufficient (cannot adequately
represent issue)

Not applicable at site screening phase.

Low importance at site selection and site characterization/design - high level
models needed (could be conservative).

Medium importance at site suitability phases an. Could use conservative
models, R&D could result in improved representation and defensible models
would need to be in place for materials selected and design - also depends on
"credit" taken for flow paths through waste containers.

Interface with UFD-NS program (EDZ-NS
interface)

N/A

N/A

Low: Information useful but
not necessary

Completely sufficient (no additional info
needed)

Medium: Information
supports or improves
decisions

Insufficient (cannot adequately
represent issue)

High: Information is
essential to decisions

Insufficient (cannot adequately
represent issue)

Only applicable to concepts that include backfill/buffer. ~ Strong dependency on
EBS design concepts and processes.

Not applicable at site screening phase.

Low importance at site selection - high level models needed. Exist for most
traditional buffer/backfill materials, but not for any novel/new materials.

Medium importance at site characterization/design phase and high at site
suitability phase. Improved and defensible models would need to be in place for|
materials selected and design.

Interface with UFD-NS program

N/A

N/A

N/A

N/A

Medium: Information
supports or improves
decisions

Insufficient (cannot adequately
represent issue)

High: Information is
essential to decisions

Insufficient (cannot adequately
represent issue)

Not applicable at site screening or site selection phases.

Medium importance at site characterization/design - would need information to
begin design of seal system. High importance at site suitability phases -
understanding would need to support defensible representation of seal

performance.

Interface with UFD-NS program

N/A

N/A

N/A

N/A

Low: Information useful but
not necessary

Partially sufficient (issue can be
represented but needs
improvement)

Medium: Information
supports or improves
decisions

Insufficient (cannot adequately
represent issue)

Not applicable at site screening or site selection phases.

Low importance at site characterization/design - would need information to begin
design of EBS. Medium importance at site suitability phases - understanding
would need to support defensible representation of EBS performance.
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Appendix A

Process (Issue) Ability to Address through Generic R&D Importance of Issue/Process to Safety Case State of the Art Relative to Issue/Process
Objective Feature Perf. b c
erformance esign, Construction
UFD FEP ID UFD FEP Title Process/Issue Description Yes/No/Partial Discussion A &N, A ’] Overall Confidence Discussion Status Discussion
= (Safety Analysis) Operations = =
2.1.08.06 Alteration and Evolution]- Drift collapse
of EBS Flow Pathways |- Degradation/consolidation of EBS
components
- Plugging of flow pathways
- Formation of corrosion products
- Water ponding o " :
Limited Release - . . Partial - Site Specific, | Generic R&D captured in flow through individual EBS BreadiloniiioidislEssicannodbe assesse'z('j throu'gh generic
N ) Engineered Barriers . . . s X R&D. EBS flow processes through specific barrier
Enineered Barriers [see also Evolution of Flow Pathways in Design Specific components above and issues below. 5 .
. ! - components/materials addressed herein.
WPs in 2.1.03.08, Evolution of Backfill in
2.1.04.01, Drift Collapse in 2.1.07.02, and
Mechanical Degradation of EBS in
2.1.07.10]
2.1.08.07 Condensation Forms in |- Heat transfer (spatial and temporal
Repository distribytion of temperature and relative Would not be applicable to those disposal systems in
- On Tunnel Roof/Walls hurr_ud\?y) saturated environments with thermal limits below . .
- On EBS Components |- Dripping boiling Expected to be of low direct importance to long-term
- Moisture transpot : performance.
Limited Release - [see also Heat Generation in EBS in ial - Si i i ; ; . Expected to be of low impact in backfilled repositories. Highly
En':e:redeB::i:S Engineered Barriers 2.1.11.01, Effects on EBS Thermal Pag:;gﬁ"g;’:ﬁgﬂc’ suﬁgszgce;gn[) ;gslc(:'\;q;lr:w;:::llsgﬁgrzp(:rzzgnal Low Low Low Exptected to be of low importance to repository design Improved Representation dependent on EBS barrier design and components that would allow
Environment in 2.1.11.03 and 2.1.11.04] techniqdes - compatible with s{te/media and construction. flow capture and/or diversion.
Methods for determining impacts and developing Estimated at low importance for overall confidence
representation
2.1.08.08 |Capillary Effects in EBS|- Wicking
- Richards barrier phenomena Would not be applicable to those disposal systems in
saturated environments with thermal limits below
bmllng. Could be appllcat_)le to re-wenlr?g in saturated Expected to be of low direct importance to long-term
environments that consider above-boiling thermal
limits performance.
Limited Release - Partial - Site Specific ’ Expected to be of low impact in backfilled repositories. Highly
. . Engineered Barriers . p‘ o . . . Low High Medium Exptected to be of high importance depending on Improved Representation dependent on EBS barrier design and components. For example, the
Enineered Barriers Design Specific Specific R&D would require establishment of sub-
an Sp surfgce design select'\onqof materials, and operational repository design and construction. presence of a Richards barrier.
techniques - compatible with site/media. Estimated at low importance for overall confidence
Methods for determining impacts and developing
representation
2.1.08.09 Influx/Seepage Into the |- Water influx rate (spatial and temporal
EBS distribution) X . .
Would not be applicable to those disposal systems in
[see also Open Boreholes in 1.1.01.01, saturated environments_ yvith thermal limits below Expected to be of medium direct ‘\mportan_ce to Im_wg-term
Thermal Effects on Flow in EBS in boiling. performance - effects relsasg rate from failed engineered
2.1.11.10, Flow Through Host Rock in arriers. jum i i i itori i
Limited Release - . . 9 . Partial - Site Specific, Specific R&D would require establishment of sub- . . Fundamental Gaps in Method, Expected to be of mteum ‘"?”ac‘ in backilled repositories. Highly
. : Engineered Barriers 2.2.08.01, Effects of Excavation on Flow . o . . - . Medium Low Medium ) . . dependent on EBS barrier design and components. For example, the
Enineered Barriers in 2.2.08.04] Design Specific surface design, selection of materials, and operational Exptected to be of low importance to repository design Fundamental Data Needs resence of a Richards barrier.
B techniques - compatible with site/media. and construction. p :
Methods for determining impacts and developing Estimated at medium importance for overall confidence
representation
2.1.09.00 1.09. CHEMICAL
PROCESSES -
CHEMISTRY
2.1.09.01 Chemistry of Water - Chemistry of influent water (spatial and Also media specific - depends on chemistry of host
Flowing into the temporal distribution) rock‘pinterface vr\j'\th natural s stemy Expected to be of high direct importance to long-term
Repository ) Y ) performance - effects potential degradation processes of
[See also Chemistry in Host Rock In backfilled reporitories, water chemistry will be highly engineered barriers an(‘i‘geochemlst‘ry‘mmde the EBS,
2.2.09.01] d d K hemi local and solubility controls/limits. Method btai hemi . dh b lied i
Containment, lependent on rock pore water chemistry, loca lethods to obtain water chemistry exist and have been applied in
Limited Release Engineered Barriers Partial - Site Specific condlt\‘ons of pressure af"j temperature, and High Low Medium Exptected to be of low importance to repository design Fundamental Gaps in Method . manyld\fferent programs. Howe‘ver,‘ obtfa\mngl watelr chemistry
. . interactions with site rock types. X information can be difficult in certain situations (i.e., highly charged
Engineered Barriers| and construction.
systems, deep boreholes).
Cannot do R&D to quantify specific Water chemistry Estimated at medium importance for overall confidence -
(parameters), rather can perform generic R&D to ! . .
L . demonstration of understanding of geochemical
develop methods for quantifying (experimental and conditions
analytic) for use in subsequent site-specific R&D.
2.1.09.02 Chemical - Water composition (radionuclides,
Characteristics of Water]dissolved species, ...)
in Waste Packages ) wtlfl volljd che‘mlstr')g (E.“r/.gaf) th Expected to be of high direct importance to long-term
i Coazer chemistry (pH, ionic strength, Also media specific - depends on chemistry of water performance - effects potential degradation processes of Some work has been doine in this respect in terms of modeling (see
P y ",') _— . entering the repository and interactions with degraded waste forms and mobilization of radionuclides. Wang et al. 2010) and experimental work on miniature waste
Reduct dat tential
: Re utc_ |onk-.o><|t.a lon potential waste package materials and internals (waste form packages (Ferris et al. 2009). Studies like this can provide important
Containment, | (felac |(:nh|nel|$s Y t ' o Partial - Site Specific and packaging structural materials. Exptected to be of medium importance to repository Fundamental Gaps in Method information as to constrain water chemistries inside the waste
Limited Release Waste Packaging b " kaJ_ﬁn chemistry (from tunnels and/or Design S e‘;iﬂc ’ High Medium High design and construction - could potentially affect items like] Fundamental Igata Needs ’ packages. Still, the information is limited to low temperatures and this|
Engineered Barriers ackiill an Sp Generic R&D would focus on methods to quantify inclusion/selection of buffer/backfill might be an important knowledge gap.
Iso Chemistry in Backfill i evolution (experimental modeling). Parameters could
[25?603 ‘Z% C:mlsf r‘y 'r.] _Ia_lc ! Im‘ be determined if it can be shown in-package Estimated at high importance for overall confidence - Limited/no informaiton or methods available for advanced waste forms|
2'1 '09'04’ emistry in funnels in conditions will dominate (independent of in-flux). demonstration of understanding of geochemical and alternative spent fuels.
1.09.04] conditions
- Evolution of water chemistry / interaction
)
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Appendix A

FCT PROGRAM INTERFACE

Importance of Issue/Process and Adequacy of the Current State of the Art Relative to Decision Points

Media

Site Screening

Site Selection

Site Characterization and Disposal System Design

Site Suitability

Importance

Adequacy

Importance

Adequacy

Importance Adequacy Importance

Adequacy

DISCUSSION

N/A

N/A

N/A

N/A

Low: Information useful but | Insufficient (cannot adequately | Low: Information useful but
not necessary represent issue) not necessary

Insufficient (cannot adequately
represent issue)

Not applicable at site screening or site selection phases.

Low importance at site characterization/design and site suitability phases -
understanding would need to support defensible representation of EBS
performance and EBS design, including interactions.

Strong dependency on EBS design concepts and processes. Important for pre-
closure emplacement activities and safety

Potential interface with NS

N/A

N/A

N/A

N/A

Low: Information useful but | Insufficient (cannot adequately | Low: Information useful but
not necessary represent issue) not necessary

Insufficient (cannot adequately
represent issue)

Not applicable at site screening or site selection phases.

Low importance at site characterization/design and site suitability phases -
understanding would need to support defensible representation of EBS
performance and EBS design, including interactions.

Strong dependency on EBS design concepts and processes. Important for pre-
closure emplacement activities and safety

Potential interface with NS

N/A

N/A

N/A

N/A

Low: Information useful but | Insufficient (cannot adequately | Low: Information useful but
not necessary represent issue) not necessary

Insufficient (cannot adequately
represent issue)

Not applicable at site screening or site selection phases.

Low importance at site characterization/design and site suitability phases -
understanding would need to support defensible representation of EBS
performance and EBS design, including interactions.

Strong dependency on EBS design concepts and processes. Important for pre-
closure emplacement activities and safety

Strong interface with natural system -
UFD -NS program (in particular EDZ/near|
field)

N/A

N/A

N/A

N/A

Medium: Information
supports or improves
decisions

Insufficient (cannot adequately
represent issue)

High: Information is
essential to decisions

Insufficient (cannot adequately
represent issue)

Not applicable at site screening or site selection phases.

Medium importance at site characterization/design phase - need techniques
established to determine incoming water chemistry. High importance at site
suitability phase - understanding would need to support defensible
representation of EBS performance and EBS design, including interactions.
Insufficient information regarding other specific media.

Strong dependency on host rock

Interface needed with Separations/Waste
Form campaign and NEAMS - need
understanding of degradation products
and interaction with local environment.
Interface with outher aspects of UFD-ES
and UFD-NS programs - coupled
processes.

N/A

N/A

N/A

N/A

Medium: Information
supports or improves
decisions

Insufficient (cannot adequately
represent issue)

High: Information is
essential to decisions

Insufficient (cannot adequately
represent issue)

Not applicable at site screening or site selection phases.

Medium importance at site characterization/design phase - need techniques
established to determine in-package water chemistry. High importance at site
suitability phase - understanding would need to support defensible
representation of EBS performance and EBS design, including interactions.

Insufficient information regarding other specific media.

Used Fuel Disposition Campaign
Disposal Research and Development Roadmap
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Appendix A

Process (Issue)

Ability to Address through Generic R&D

Importance of Issue/Process to Safety Case

State of the Art Relative to Issue/Process

Objective Feature Perf. b c
- _— " . . erformance esign, Construction " . . . .
UFD FEP ID UFD FEP Title Process/Issue Description Yes/No/Partial Discussion A &N, A ’] Overall Confidence Discussion Status Discussion
I (Safety Analysis) Operations I I
2.1.09.03 Chemical - Water composition (radionuclides,
Characteristics of Water]dissolved species, ...) Potential high direct importance to long-term performance
in Backfill - Initial void chemlstry (alur/lgas) ) could effectsl potentllal relgase rates outl of ! In backfilled reporitories, water chemistry will be highly dependent on
- Water chemistry (pH, ionic strength, backfill/buffer/getter in certain design concepts in different N "
X N X . . rock pore water chemistry, local conditions of pressure and
pCO2, ...) media, could be key isolation barrier. Could be low in e X . . .
: - . . y . . . . temperature, and specific interactions with the barrier/buffer materials.
- Reduction-oxidation potential Generic R&D on backfill/buffer interactions. systems where buffer/backfill is not included or not a key X : . .
: o . . N Some modeling work on cation exchange and anion exclusion
- Reaction kinetics isolation barrier . P . ——
. . . . phenomena in clay has been inititalized. Still, there are significant
Containment, - Influent chemistry (from tunnels and/or . . - Generic R&D would focus on methods to quantify . . . L
o y N Partial - Site Specific, . " i . . . A . Fundamental Gaps in Method, data gaps regarding dependencies on local ionic strength and
Limited Release Backfill/Buffer backfill) . " evolution (modeling). Parameters could be determined High High High Exptected to be of medium importance to repository e R "
. R Design Specific o N L . § " X X . . Fundamental Data Needs temperature effects on diffusive transport in clay barriers.
Engineered Barriers| if it can be shown backfill/buffer conditions will design and construction - impact inclusion of / choice of
[see also Chemistry in Backfill in dominate (independent of in-flux or out of waste buffer/backfill . N "
. . . There are also knowledge gaps in cementitous backfills.
2.1.09.03, Chemistry in Tunnels in package).
21.09.04) Potentially at h'gh importance f(?r overall conf\dgnce ) Little/no information available regarding new/novel buffer/backfill
demonstration of understanding of geochemical materials.
- Evolution of water chemistry / interaction conditions within backfills/buffers if included as key )
with waste packages engineered barrier
2.1.09.04 Chemical - Water composition (radionuclides,
Characteristics of Water]dissolved species, ...)
in Tunnels - Initial void chemistry (air / gas)
- Water chemistry (pH, ionic strength,
pCO2, ...) Depends on design and materials that would be Expected to be of low direct importance to long-term
- Reduction-oxidation potential included in tunnels. Further removed from emplaced performance - limited influence on EBS chemistry.
- Reaction kinetics waste and coupling to that would be decreased.
Containment - Influent chemistry (from construction / Expected to be of medium importance to repository design|
. ! . . emplacement) Partial - Site Specific, Accurate accounting of committed materials in the . and construction - could impact material selection Fundamental Gaps in Method, Expected to be of low impact in backfilled repositories. Could effect
Limited Release Engineered Barriers . L . . L Low Medium Low K " S X
y R Design Specific tunnels upon emplacement - site/design specific Fundamental Data Needs interactions with liner, seal, and other EBS barrier components.
Engineered Barriers| . . . " . )
[see also Chemical Effects from issues. Estimated at medium importance for overall confidence -
Preclosure in 1.1.02.01, Chemistry of demonstration of understanding of geochemical
Water Flowing in 2.1.09.01, Chemistry in Generic R&D would focus primarily on methods to conditions - could influence EBS chemistry depending on
Waste Packages in 2.1.09.02, Chemistry quantify chemistry and represent evolution (modeling). materials and proximity to emplaced waste
in Backfill in 2.1.09.03]
- Evolution of water chemistry / interaction
2.1.09.05 Chemical Interaction of |- Corrosion product formation and
Water with Corrosion  Jcomposition (waste form, waste package
Products \nternal§, waste package)‘ . Depends on design and materials that would be
Containment - In Waste Packages |- Evolution of water chemistry in waste included in EBS
L y . - In Backfill packages, in backfill, and in tunnels Partial - Site Specific, . Generic R&D on this issue would be captured in R&D for 2.1.09.02,
Limited Release Waste Packaging . "
) - - In Tunnels Design Specific . L .03, .04, .08
Engineered Barriers . X . Generic R&D would focus primarily on methods to
[contributes to Chemistry in Waste uantify chemistry and represent evolution (modeling)
Packages in 2.1.09.02, Chemistry in q y Y P 9):
Backfill in 2.1.09.03, Chemistry in Tunnels
in 2.1.09.04]
2.1.09.06 Chemical Interaction of |- Backfill composition and evolution
Water with Backfill (bentonite, crushed rock, ...)
- On Waste Packages |- Evolution of water chemistry in backfill
- In Backfill and in tunnels . .
- In Tunnels - Enhanced degradation of waste Depends on design and materials that would be
Containment, i i . . " included in EBS.
g packages (crevice corrosion) _
Limited Release Backfill/Buffer Partial . Site Sp?c'f'c’ Generic R&D on this issue would be captured in R&D for 2.1.09.03
. R X X . . Design Specific . L
Engineered Barriers| [contributes to Chemistry in Backfill in Generic R&D would focus primarily on methods to
2.1.09.03, Chemistry in Tunnels in quantify chemistry and represent evolution (modeling).
2.1.09.04, Localized Corrosion of WPs in
2.1.03.04]
2.1.09.07 Chemical Interaction of |- Liner composition and evolution
Water with Liner / Rock |(concrete, metal, ...)
zelnfortc_te_men’:/la?d_ ! . R;Ck rfl?forcemertn ma;eglallt compohsmon Potentially high direct importance to long-term
P T eén;g itious Materials |and evolution (grout, rock bolts, mesh, performance - cementitious materials can have a
\»nl Backfill O)th it terial significant role in geochemical evolution Could potentiall be of high impact in repositories depending on
In Tac ‘I er i(lemen |d\ous Im;.a erials Depends on design and materials that would be materials chosen and design. Highly dependent on interactions with
Containment, Other Engineered - funnels ?()Empff.‘ on fan tevoE on try in backil Partial - Site Specific included in EBS. Exptected to be of high importance to repository design Fundamental Gaps in Method liner, seal, and other EBS barrier components.
Limited Release Feaugues ;o utlon ol \ater chemistry in backiil, Design S ez'\ﬂc ! High High High and construction - inclusion/selection of materials for use Fundamental Dpata Needs ’
Engineered Barriers andin tunnels 9n Sp Generic R&D would focus primarily on methods to in construction of disposal facility Reactive transport models need to be developed to assess barrier
. . . " quantify chemistry and represent evolution (modeling). seal performance and interactions with fluids at barrier interfaces that
[contributes to Chemistry in Backfill in . - N . N )
21.09.03. Chemistry in T i Estimated at high importance for overall confidence - could influence fluid transport and chemistry.
-1.09.99, Ghemistry in Tunnels in demonstration of understanding of geochemical
2.1.09.04] L - 5
conditions in cementitious materials
Closely related to 2.1.05.01 and 2.1.06.01
2.1.09.08 Chemical Interaction of |- Seals composition and evolution

Containment,
Limited Release
Engineered Barriers|

Other Engineered
Features

Water with Other EBS
Components

- In Waste Packages
- In Tunnels

- Waste Package Support composition
and evolution (concrete, metal, ...)

- Other EBS components (other metals -
Copper, ...)

- Evolution of water chemistry in backfill
and in tunnels

[contributes to Chemistry in Backfill in
2.1.09.03, Chemistry in Tunnels in
2.1.09.04]

Partial - Design Specific

Depends on design and materials that would be
included in EBS.

Generic R&D would focus primarily on methods to
quantify chemistry and represent evolution (modeling).

Generic R&D on this issue would be captured in R&D for 2.1.09.04

Used Fuel Disposition Campaign

Disposal Research and Development Roadmap

FCRD-USED-2011-000065



Appendix A

FCT PROGRAM INTERFACE

Importance of Issue/Process and Adequacy of the Current State of the Art Relative to Decision Points

Media

Site Screening

Site Selection

Site Characterization and Disposal System Design

Site Suitability

Importance

Adequacy

Importance

Adequacy

Importance

Adequacy

Importance

Adequacy

DISCUSSION

Potential interactions with DOE-EM:
Cement Barrier Partnership (CBP)

Interface with UFD-ES and UFD-NS
programs - coupled processes

N/A

N/A

N/A

N/A

Medium: Information
supports or improves
decisions

Partially sufficient (issue can be
represented but needs
improvement)

High: Information is
essential to decisions

Insufficient (cannot adequately
represent issue)

Not applicable at site screening or site selection phases.

Medium importance at site characterization/design phase - need techniques
established to determine in-package water chemistry. High importance at site
suitability phase - understanding would need to support defensible
representation of EBS performance and EBS design, including interactions.

Partially sufficient at site characterization/design phase for "traditional”
backfills/buffers - insufficient for new/novel materials. Insufficient information at
site suitability phase.

Interface with UFD-ES and UFD-NS
programs - coupled processes

N/A

N/A

N/A

N/A

Low: Information useful but
not necessary

Insufficient (cannot adequately
represent issue)

Low: Information useful but
not necessary

Insufficient (cannot adequately
represent issue)

Not applicable at site screening or site selection phases.
Highly dependent on design concept
Low importance at site characterization/design phase - need techniques
established to determine in-package water chemistry. Low importance at site
suitability phase - understanding would need to support defensible

representation of EBS performance and EBS design, including interactions.

Insufficient information regarding other specific media.

Potential interactions with DOE-EM:
Cement Barrier Partnership (CBP)

Interface with UFD-ES and UFD-NS
programs - coupled processes

N/A

N/A

N/A

N/A

Medium: Information
supports or improves
decisions

Insufficient (cannot adequately
represent issue)

High: Information is
essential to decisions

Insufficient (cannot adequately
represent issue)

Not applicable at site screening or site selection phases.
Highly dependent on design concept
Medium importance at site characterization/design phase - need techniques
established to determine in-package water chemistry. High importance at site
suitability phase - understanding would need to support defensible

representation of EBS performance and EBS design, including interactions.

Insufficient information regarding other specific media.
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Appendix A

Objective

Feature

Process (Issue)

Ability to Address through Generic R&D

Importance of Issue/Process to Safety Case

State of the Art Relative to Issue/Process

UFD FEP ID

UFD FEP Title

Process/Issue Description

Yes/No/Partial

Discussion

Discussion

Status

Discussion

Containment,
Limited Release
Engineered Barriers|

Engineered Barriers

2.1.09.09

Chemical Effects at
EBS Component
Interfaces

- Component-to-component contact
(chemical reactions)

- Consolidation of EBS components

- Barrier degradation at EBS component
interfaces

Partial - Design Specific

Depends on design and materials that would be

included in EBS.

Generic R&D would focus primarily on methods to
quantify chemistry and represent evolution at
candidate EBS maerial interfaces (modeling).

Performance Design, Construction, .
) ) Overall Confidence
(Safety Analysis) Operations
High Medium Low

Expected to be of high importance to long-term barrier
performance - interactions at waste package/waste form
interface may be of more importance. Interface at
buffer/backfill and rock interface may also be of
importance. Degradation of metallic barriers at the
buffer/backfill interface can be very important in the
generation of 'redox barriers' that could enhance barrier
performance with time. Also, interfacial domains can also
served as loci for large transport and chemical gradients
where these could strongly influence the overall barrier
performance.

Exptected to be of medium importance to repository
design and construction - could affect selection of
materials

Estimated at medium importance for overall confidence -
demonstration of understanding of geochemical
conditions at interfaces - could affect transport properties

Fundamental Gaps in Method,

Fundamental Data Needs

Identification of key interaction at EBS barrier interfaces needs to be
established. Clay-metal barrier interfaces can be subjected to metal
barrier degradation (e.g., metal corrosion) due to the presence of
hydrous phases (clays) that could dehydrate at elevated
temperatures. Models and experiments need to be developed to
assess these interactions with fluids at barrier interfaces and their
effects to barrier performance.

Containment,
Limited Release
Engineered Barriers|

Engineered Barriers

2.1.09.10

Chemical Effects of
Waste-Rock Contact

(ASSUMING AS EBS -
ROCK CONTACT)

- Waste-to-host rock contact (chemical
reactions)

- Component-to-host rock contact
(chemical reactions)

Partial - Site Specific,
Design Specific

Depends on design and materials that would be

included in EBS and host-rock.

Generic R&D would focus primarily on methods to
quantify chemistry and represent evolution (modeling).

Generic R&D on this issue would be captured in R&D for 2.1.09.04

Containment,
Limited Release
Engineered Barriers|

Engineered Barriers

2.1.09.11

Electrochemical Effects
in EBS

- Enhanced metal corrosion

Partial - Design Specific

Depends on design and metallic materials that would

be included in EBS.

Generic R&D would focus primarily on methods to

quantify effects (modeling).

Included with R&D on all corrosion processes for metallic materials
(2.1.03 and 2.1.06)

Containment,
Limited Release
Engineered Barriers|

Engineered Barriers

2.1.09.12

Chemical Effects of
Drift Collapse

- Evolution of water chemistry in backfill
and in tunnels (from altered seepage,
from altered thermal-hydrology)

[contributes to Chemistry in Backfill in
2.1.09.03, Chemistry in Tunnels in
2.1.09.04]

Partial - Site Specific,
Design Specific

Depends on design and materials that would be

included in EBS and host-rock.

Generic R&D would focus primarily on methods to
quantify chemistry and represent evolution (modeling).

Included with R&D on all corrosion processes for metallic materials
(2.1.09.03 and 2.1.09.04)

Containment,
Limited Release
Engineered Barriers|

Engineered Barriers

2.1.09.13

Radionuclide
Speciation and
Solubility in EBS

- In Waste Form

- In Waste Package
- In Backfill

- In Tunnel

- Dissolved concentration limits

- Limited dissolution due to inclusion in
secondary phase

- Enhanced dissolution due to alpha recoil

[controlled by Chemistry in Waste
Packages in 2.1.09.02, Chemistry in
Backfill in 2.1.09.03, Chemistry in Tunnels
in 2.1.09.04]

Yes

Strong link to geochemistry, material selection, design,

and emplaced waste forms.

Generic R&D would focus on method development
(experimental and analytic) and quantification of
parameters where independence with specific media

can be shown.

High Medium High

Expected to be of high direct importance to long-term
performance - solubility controls effect radionuclide
release from the EBS.

Exptected to be of medium importance to repository
design and construction - could affect EBS material
selection and design

Estimated at high importance for overall confidence - key
part of safety case

Improved Representation

Considerable work has been done in the U.S. and in other countries
regarding radionuclide speciation and dissolved concentration limits.

Improved understanding of solubility controls and dissolved
concentration limits would lead to improved radionuclide transport
models and better understanding of disposal system performance.

Large knowledge gaps on radionuclide solubilities at elevated
temperatures and in concetrated electrolyte solutions. Accurate redox
speciation chemistry of important radionuclides such as Pu and Np
are still a matter of investigation.

Improved understanding of potential solubility-controlling phases for
radionuclides with mixed compositions (i.e., not necessarily pure end-
members).

Complex water chemistry / solid solutions in EBS

Methods - Experimental and representation (model)

Phases / controls for advanced fuel compositions - data and methods
needs

2.1.09.50

1.09. CHEMICAL
PROCESSES -
TRANSPORT

Limited Release -
Enineered Barriers

Engineered Barriers

2.1.09.51

Advection of Dissolved
Radionuclides in EBS
- In Waste Form

- In Waste Package

- In Backfill

- In Tunnel

- Flow pathways and velocity

- Advective properties (porosity, tortuosity)
- Dispersion

-Saturation

[see also Gas Phase Transport in
2.1.12.03]

Partial - Site Specific,
Design Specific

Dependent on EBS design concept (disposal facility

geometry and materials) and site/media
(advection/diffusion dominated system).

Generic R&D would investigate advective transport
processes in materials for individual barriers and
components of the EBS. Focus would be on methods

development and controlling processes.

High Medium High

Expected to be of high direct importance to long-term
performance in certain environments - EBS transport
affects release rate into the natural system.

Exptected to be of medium importance to repository
design and construction.

Estimated at high importance for overall confidence - key
part of safety case

Fundamental Gaps in Method,

Fundamental Data Needs

Considerable work has been done in the U.S. and in other countries
regarding EBS transport.

Improved understanding of EBS transport processes would lead to
improved radionuclide transport models and better understanding of
disposal system performance.

For backfilled repositories, focus should be given to diffusive transport
through barriers and waste package.

Thermal loading from WF is important
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Importance of Issue/Process and Adequacy of the Current State of the Art Relative to Decision Points

Appendix A

Site Suitability

FCT PROGRAM INTERFACE

Site Screening

Site Selection

Site Characterization and Disposal System Design

DISCUSSION

Media
Importance Adequacy Importance Adequacy Importance Adequacy Importance Adequacy
Not applicable at site screening or site selection phases.
Potential interactions with DOE-EM: Highly dependent on design concept
Barrier P hi BP’ Medium: Inf i - . - - L . - . .
Cement Barrier Partnership (CBP) NA NA NA NA Suedlou:s or: i(:rr]mraot\ll(;r; Insufficient (cannot adequately High: Information is Insufficient (cannot adequately Medium importance at site characterization/design phase - need techniques
. PP - P represent issue) essential to decisions represent issue) established to determine in-package water chemistry. High importance at site
Interface with UFD-ES and UFD-NS decisions o ) ¥
rograms - coupled processes suitability phase - understanding would need to support defensible
P representation of EBS performance and EBS design, including interactions.
Insufficient information regarding other specific media.
Medium importance at site screening phase - would prefer sites with
geochemical conditions that would favor low solubility limits for key
radionuclides. Current information base is deemed sufficient.
Medium: Medium importance at site selection phase - need high level representation for
Interface with Separations/Waste Form - A . evaluating performance. Current information base is deemed partially sufficient.
. Information . Medium: Information . . . . . . . .
campaign and NEAMS - need Completely sufficient (no N Partially sufficient (issue can be High: Information is Insufficient (cannot adequately High: Information is Insufficient (cannot adequately
. L . supports or e ) supports or improves ) ) o - ) o - ) ) )
understanding of speciation and solubility] improves additional info needed) decisions represented but needs improvement) essential to decisions represent issue) essential to decisions represent issue) Highly dependent on design concept, meaterials selected, waste emplaced, and
constraints within waste forms. degiswons thermal environment - strongly coupled process
High importance at site characterization/design phase - need techniques
established to determine solubility controls. High importance at site suitability
phase - understanding would need to support defensible representation of
radionuclide transport controls.
Highly dependent on design concept, meaterials selected, waste emplaced, and
thermal environment - strongly coupled process
Interface with Separations/Waste Form Not applicable at site screening phase
Campaign regarding radionuclide PP ap :
transport represfz?tmast\on within waste Medium importance at site selection phase - need high level representation for
' evaluating performance. Current information base is deemed partially sufficient.
Interface with NEAMS and DOE-EM Medium: Inflormatlon Partially sufficient (issue can be High: Information is Partially sufficient (issue can be High: Information is Partially sufficient (issue can be - . - . .
N/A N/A supports or improves N X . represented but needs X . represented but needs High importance at site characterization/design phase - need techniques
represented but needs improvement) essential to decisions X essential to decisions X " " - . :
improvement) improvement) established to determine solubility controls. High importance at site suitability
phase - understanding would need to support defensible representation of

ASCEM program in the development of
advanced radionuclide transport models.

Interface with UFD-NS program in
development of radionuclide transport
modeling approaches.

decisions

radionuclide transport controls.

At each level, information is available to represent EBS transport, but would
have to be applied to specific environments/media/designs. R&D would lead to
improved methods. Thus, adequacy of information is deemed partially sufficient

at all decision points.
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Appendix A

Objective

Feature

Process (Issue)

Ability to Address through Generic R&D

Importance of Issue/Process to Safety Case

State of the Art Relative to Issue/Process

UFD FEP ID

UFD FEP Title

Process/Issue Description

Yes/No/Partial

Discussion

Performance
(Safety Analysis)

Design, Construction,
Operations

Overall Confidence

Discussion

Status

Discussion

Limited Release -
Enineered Barriers

Engineered Barriers

2.1.09.52

Diffusion of Dissolved
Radionuclides in EBS
- In Waste Form

- In Waste Package

- In Backfill

- In Tunnel

- Gradients (concentration, chemical
potential)

- Diffusive properties (diffusion
coefficients)

- Flow pathways and velocity

- Saturation

Partial - Site Specific,
Design Specific

Dependent on EBS design concept (disposal facility
geometry and materials) and site/media
(advection/diffusion dominated system).

Generic R&D would investigate diffusive transport
processes in materials for individual barriers and
components of the EBS. Focus would be on methods
development and controlling processes. Parameters
could be determined for EBS materials if independent
from site/media and specific design.

High

Medium

High

Expected to be of high direct importance to long-term
performance in certain environments - EBS transport
affects release rate into the natural system.

Exptected to be of medium importance to repository
design and construction.

Estimated at high importance for overall confidence - key

part of safety case

Fundamental Gaps in Method,

Fundamental Data Needs

Considerable work has been done in the U.S. and in other countries
regarding EBS transport.

Improved understanding of EBS transport processes would lead to
improved radionuclide transport models and better understanding of
disposal system performance.

For backfilled repositories, focus should be given to diffusive transport
through barriers and waste package.

Thermal loading from WF is important

Limited Release -
Enineered Barriers

Engineered Barriers

2.1.09.53

Sorption of Dissolved
Radionuclides in EBS
- In Waste Form

- In Waste Package

- In Backfill

- In Tunnel

- Surface complexation properties
- Flow pathways and velocity
- Saturation

[see also Chemistry in Waste Packages in
2.1.09.02, Chemistry in Backfill in
2.1.09.03, Chemistry in Tunnels in
2.1.09.04]

Partial - Site Specific,
Design Specific

Dependent on EBS design concept (disposal facility
geometry and materials) and site/media
(advection/diffusion dominated system).

Generic R&D would investigate sorption processes in
materials for individual barriers and components of the
EBS. Focus would be on methods development and
controlling processes. Parameters could be
determined for EBS materials if independent from
site/media and specific design.

High

Medium

High

Could be of high direct importance to long-term
performance in certain environments - EBS transport
affects release rate into the natural system.

Exptected to be of medium importance to repository
design and construction.

Estimated at high importance for overall confidence -
could be key part of safety case

Fundamental Gaps in Method,

Fundamental Data Needs

Considerable work has been done in the U.S. and in other countries
regarding EBS transport and sorption processes relevant to
radionuclides.

Improved understanding of EBS transport processes, in particular
sorption, would lead to improved radionuclide transport models and
better understanding of disposal system performance.

Current modeling work on reactive-transport through barriers is being
considered and will be expanded to include radionuclides.

Limited Release -
Enineered Barriers

Engineered Barriers

2.1.09.54

Complexation in EBS

- Formation of organic complexants
(humates, fulvates, organic waste)

- Enhanced transport of radionuclides
associated with organic complexants

- Inorganic complexation (alkali, metal)
captured in chemical equilibrium models

[see also Degradation of Organics in
Waste in 2.1.02.03]

Partial - Site Specific,
Design Specific

Dependent on EBS design concept (disposal facility
geometry and materials) and site/media
(advection/diffusion dominated system).

Generic R&D would investigate complexation
processes in materials for individual barriers and
components of the EBS. Focus would be on methods
development and controlling processes. Parameters
could be determined for EBS materials if independent
from site/media and specific design.

Medium

Do not anticipate the presence organic comlexants in
deep geologic disposal environments due to Waste

Acceptance Criteria and site environment. However, this
can be site specific, for example, the Boom clay formation|

whose pore waters contain a fair amount of dissolved
organics.

Fundamental Gaps in Method,

Fundamental Data Needs

Carbon- and sulphate-bearing phases will be likely present at the
repository environment. Seal material made of asphalt have bitumen
that can degrade into CO2 and organic phases. Interactions between

sulphate- and iron-beraing phases in the present or absence of
organics needs to be accurately represented in models given the
importance of potential redox buffers in the EBS environment.

Limited Release -
Enineered Barriers

Engineered Barriers

2.1.09.55

Formation of Colloids in
EBS

- In Waste Form

- In Waste Package

- In Backfill

- In Tunnel

- Formation of intrinsic colloids

- Formation of pseudo colloids (host rock
fragments, waste form fragments,
corrosion products, microbes)

- Formation of co-precipitated colloids

- Sorption/attachment of radionuclides to
colloids (clay, silica, waste form, FeOx,
microbes)

Partial - Site Specific,
Design Specific

Dependent on EBS design concept (disposal facility
geometry and materials) and site/media
(advection/diffusion dominated system).

Generic R&D would investigate colloid formation
processes in materials for individual barriers and
components of the EBS. Focus would be on methods
development and controlling processes. Parameters
could be determined for EBS materials if independent
from site/media and specific design.

Medium

Medium

Medium

Advanced waste forms may generated colloids that could

potentially be important with respect to radionuclide

transport. There is potential for colloid formation in clay

barriers as a result barrier erosion and mechanical

degradation. Colloid transport requires certain conditions

for the hosting media which are not expected in
buffer/backfill repository environments.

Fundamental Gaps in Method,

Fundamental Data Needs

Although colloids might form, their role in transport will be highly
dependent on other parameters of the EBS. Colloidal phases may
have an important effect of radionuclide solubility but their stability

under various conditions and their role as soilubility-controlling phases|
is still a matter of research.

The role of humics, fulvics and other organic materials has been
widely studied in the EU.
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Appendix A

FCT PROGRAM INTERFACE

Importance of Issue/Process and Adequacy of the Current State of the Art Relative to Decision Points

Media

Site Screening

Site Selection

Site Characterization and Disposal System Design

Site Suitability

Importance

Adequacy

Importance

Adequacy

Importance

Adequacy

Importance

Adequacy

DISCUSSION

Interface with Separations/Waste Form
Campaign regarding radionuclide
transport representation within waste
forms.

Interface with NEAMS and DOE-EM
ASCEM program in the development of

advanced radionuclide transport models.

Interface with UFD-NS program in
development of radionuclide transport
modeling approaches.

N/A

N/A

Medium: Information
supports or improves
decisions

Partially sufficient (issue can be
represented but needs improvement)

High: Information is
essential to decisions

Partially sufficient (issue can be
represented but needs
improvement)

High: Information is
essential to decisions

Partially sufficient (issue can be
represented but needs
improvement)

Highly dependent on design concept, meaterials selected, waste emplaced, and
thermal environment - strongly coupled process

Not applicable at site screening phase.

Medium importance at site selection phase - need high level representation for
evaluating performance. Current information base is deemed partially sufficient.

High importance at site characterization/design phase - need techniques
established to determine solubility controls. High importance at site suitability
phase - understanding would need to support defensible representation of
radionuclide transport controls.

At each level, information is available to represent EBS transport, but would
have to be applied to specific environments/media/designs. R&D would lead to
improved methods. Thus, adequacy of information is deemed partially sufficient

at all decision points.

Interface with Separations/Waste Form
Campaign regarding radionuclide
transport representation within waste
forms.

Interface with NEAMS and DOE-EM
ASCEM program in the development of

advanced radionuclide transport models.

Interface with UFD-NS program in
development of radionuclide transport
modeling approaches.

N/A

N/A

Medium: Information
supports or improves
decisions

Partially sufficient (issue can be
represented but needs improvement)

High: Information is
essential to decisions

Partially sufficient (issue can be
represented but needs
improvement)

High: Information is
essential to decisions

Partially sufficient (issue can be
represented but needs
improvement)

Highly dependent on design concept, meaterials selected, waste emplaced, and
thermal environment - strongly coupled process

Not applicable at site screening phase.

Medium importance at site selection phase - need high level representation for
evaluating performance. Current information base is deemed partially sufficient.

High importance at site characterization/design phase - need techniques
established to determine solubility controls. High importance at site suitability
phase - understanding would need to support defensible representation of
radionuclide transport controls.

At each level, information is available to represent EBS transport, but would
have to be applied to specific environments/media/designs. R&D would lead to
improved methods. Thus, adequacy of information is deemed partially sufficient

at all decision points.

Interface with Separations/Waste Form
Campaign regarding radionuclide
transport representation within waste
forms.

Interface with NEAMS and DOE-EM
ASCEM program in the development of

advanced radionuclide transport models.

Interface with UFD-NS program in
development of radionuclide transport
modeling approaches.

N/A

N/A

Low: Information useful but
not necessary

Partially sufficient (issue can be
represented but needs improvement)

Medium: Information
supports or improves
decisions

Partially sufficient (issue can be
represented but needs
improvement)

Medium: Information
supports or improves
decisions

Partially sufficient (issue can be
represented but needs
improvement)

Highly dependent on design concept, meaterials selected, waste emplaced, and
thermal environment - strongly coupled process

Not applicable at site screening phase.

Low importance at site selection phase - need high level representation for
evaluating performance. Current information base is deemed partially sufficient.

Medium importance at site characterization/design phase - need techniques
established to determine solubility controls. Medium importance at site suitability|
phase - understanding would need to support defensible representation of
radionuclide transport controls.

At each level, information is available to represent EBS transport, but would
have to be applied to specific environments/media/designs. R&D would lead to
improved methods. Thus, adequacy of information is deemed partially sufficient

at all decision points.

Interface with Separations/Waste Form
Campaign regarding colloid
formation/stability within waste forms.

Interface with NEAMS and DOE-EM
ASCEM program in the development of

advanced radionuclide transport models.

Interface with UFD-NS program in
development of radionuclide transport
modeling approaches (as applicable to

colloids).

N/A

N/A

Low: Information useful but
not necessary

Partially sufficient (issue can be
represented but needs improvement)

Medium: Information
supports or improves
decisions

Partially sufficient (issue can be
represented but needs
improvement)

Medium: Information
supports or improves
decisions

Partially sufficient (issue can be
represented but needs
improvement)

Highly dependent on design concept, meaterials selected, waste emplaced, and
thermal environment - potential for coupled processes

Not applicable at site screening phase.

Low importance at site selection phase - need high level representation for
evaluating performance. Current information base is deemed partially sufficient.

Medium importance at site characterization/design phase - need techniques
established to determine solubility controls. Medium importance at site suitability|
phase - understanding would need to support defensible representation of
radionuclide transport controls.

At each level, information is available to represent EBS transport, but would
have to be applied to specific environments/media/designs. R&D would lead to
improved methods. Thus, adequacy of information is deemed partially sufficient

at all decision points.
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Objective

Feature

Process (Issue)

Ability to Address through Generic R&D

Importance of Issue/Process to Safety Case

State of the Art Relative to Issue/Process

UFD FEP ID

UFD FEP Title

Process/Issue Description

Yes/No/Partial

Discussion

Performance
(Safety Analysis)

Design, Construction,
Operations

Overall Confidence

Discussion

Status

Discussion

Limited Release -
Enineered Barriers

Engineered Barriers

2.1.09.56

Stability of Colloids in
EBS

- In Waste Form

- In Waste Package
- In Backfill

- In Tunnel

- Chemical stability of attachment
(dependent on water chemistry)

- Mechanical stability of colloid
(dependent on colloid size, gravitational
setting)

Partial - Site Specific,
Design Specific

Dependent on EBS design concept (disposal facility
geometry and materials) and site/media
(advection/diffusion dominated system).

Generic R&D would investigate colloid formation
processes in materials for individual barriers and
components of the EBS. Focus would be on methods
development and controlling processes. Parameters
could be determined for EBS materials if independent
from site/media and specific design.

Medium

Medium

Medium

Advanced waste forms may generated colloids that could

degradation. Colloid transport requires certain conditions

potentially be important with respect to radionuclide
transport. There is potential for colloid formation in clay
barriers as a result barrier erosion and mechanical

for the hosting media which are not expected in
buffer/backfill repository environments.

Fundamental Gaps in Method,

Fundamental Data Needs

Although colloids might form, their role in transport will be highly
dependent on other parameters of the EBS. Colloidal phases may
have an important effect of radionuclide solubility but their stability
under various conditions and their role as soilubility-controlling phases|
is still a matter of research.

The role of humics, fulvics and other organic materials has been
widely studied in the EU.

Limited Release -
Enineered Barriers

Engineered Barriers

2.1.09.57

Advection of Colloids in
EBS

- In Waste Form

- In Waste Package

- In Backfill

- In Tunnel

- Flow pathways and velocity
- Advective properties (porosity, tortuosity)
- Dispersion
- Saturation
- Colloid concentration

Partial - Site Specific,
Design Specific

Dependent on EBS design concept (disposal facility
geometry and materials) and site/media
(advection/diffusion dominated system).

Also dependence on importance of colloid formation
and stability within the EBS (if they don't form or are
unstable, then transport is not applicable)

Generic R&D would investigate advective transport
processes in materials for individual barriers and
components of the EBS. Focus would be on methods
development and controlling processes. Parameters
could be determined for EBS materials if independent

from site/media and specific design.

Low

Low

Low

Colloid transport requires certain conditions for the hosting|

media which are not expected in buffer/backfill repository
environments.

Fundamental Gaps in Method,

Fundamental Data Needs

Although colloids might form, their role in transport will be highly
dependent on other parameters of the EBS. Colloidal phases may
have an important effect of radionuclide solubility but their stability
under various conditions and their role as soilubility-controlling phases|
is still a matter of research.

The role of humics, fulvics and other organic materials has been
widely studied in the EU.

Limited Release -
Enineered Barriers

Engineered Barriers

2.1.09.58

Diffusion of Colloids in
EBS

- In Waste Form

- In Waste Package

- In Backfill

- In Tunnel

- Gradients (concentration, chemical
potential)

- Diffusive properties (diffusion
coefficients)

- Flow pathways and velocity

- Saturation

- Colloid concentration

Partial - Site Specific,
Design Specific

Dependent on EBS design concept (disposal facility
geometry and materials) and site/media
(advection/diffusion dominated system).

Also dependence on importance of colloid formation
and stability within the EBS (if they don't form or are
unstable, then transport is not applicable)

Generic R&D would investigate diffusive transport
processes in materials for individual barriers and
components of the EBS. Focus would be on methods
development and controlling processes. Parameters
could be determined for EBS materials if independent
from site/media and specific design.

Colloid transport requires certain conditions for the hosting|

media which are not expected in buffer/backfill repository
environments.

Fundamental Gaps in Method,

Fundamental Data Needs

Although colloids might form, their role in transport will be highly
dependent on other parameters of the EBS. Colloidal phases may
have an important effect of radionuclide solubility but their stability

under various conditions and their role as soilubility-controlling phases|
is still a matter of research.

Limited Release -
Enineered Barriers

Engineered Barriers

2.1.09.59

Sorption of Colloids in
EBS

- In Waste Form

- In Waste Package

- In Backfill

- In Tunnel

- Surface complexation properties
- Flow pathways and velocity

- Saturation

- Colloid concentration

[see also Chemistry in Waste Packages in
2.1.09.02, Chemistry in Backfill in
2.1.09.03, Chemistry in Tunnels in
2.1.09.04]

Partial - Site Specific,
Design Specific

Dependent on EBS design concept (disposal facility
geometry and materials) and site/media
(advection/diffusion dominated system).

Also dependence on importance of colloid formation
and stability within the EBS (if they don't form or are
unstable, then transport is not applicable)

Generic R&D would investigate colloid sorption
processes in materials for individual barriers and
components of the EBS. Focus would be on methods
development and controlling processes. Parameters
could be determined for EBS materials if independent
from site/media and specific design.

Colloid transport requires certain conditions for the hosting|
media which are not expected in buffer/backfill repository
environments.

Fundamental Gaps in Method,

Fundamental Data Needs

Although colloids might form, their role in transport will be highly
dependent on other parameters of the EBS. Colloidal phases may
have an important effect of radionuclide solubility but their stability

under various conditions and their role as soilubility-controlling phases|
is still a matter of research.

The role of humics, fulvics and other organic materials has been
widely studied in the EU.

Limited Release -
Enineered Barriers

Engineered Barriers

2.1.09.60

Sorption of Colloids at
Air-Water Interface in
EBS

- Colloid trapping at the air-water interface
in unsaturated porous media

[see also Filtration of Colloids in EBS in

2.1.09.61]

Site Specific, Design Specific
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FCT PROGRAM INTERFACE

Importance of Issue/Process and Adequacy of the Current State of the Art Relative to Decision Points

Media

Site Screening

Site Selection

Site Characterization and Disposal System Design

Site Suitability

Importance

Adequacy

Importance

Adequacy

Importance

Adequacy

Importance

Adequacy

DISCUSSION

Interface with Separations/Waste Form
Campaign regarding colloid
formation/stability within waste forms.

Interface with NEAMS and DOE-EM
ASCEM program in the development of

advanced radionuclide transport models.

Interface with UFD-NS program in
development of radionuclide transport
modeling approaches (as applicable to

colloids).

N/A

N/A

Low: Information useful but
not necessary

Partially sufficient (issue can be
represented but needs improvement)

Medium: Information
supports or improves
decisions

Partially sufficient (issue can be
represented but needs
improvement)

Medium: Information
supports or improves
decisions

Partially sufficient (issue can be
represented but needs
improvement)

Highly dependent on design concept, meaterials selected, waste emplaced, and
thermal environment - potential for coupled processes

Not applicable at site screening phase.

Low importance at site selection phase - need high level representation for
evaluating performance. Current information base is deemed partially sufficient.

Medium importance at site characterization/design phase - need techniques
established to determine solubility controls. Medium importance at site suitability|
phase - understanding would need to support defensible representation of
radionuclide transport controls.

At each level, information is available to represent EBS transport, but would
have to be applied to specific environments/media/designs. R&D would lead to
improved methods. Thus, adequacy of information is deemed partially sufficient

at all decision points.

Interface with Separations/Waste Form
Campaign regarding colloid
formation/stability within waste forms.

Interface with NEAMS and DOE-EM
ASCEM program in the development of

advanced radionuclide transport models.

Interface with UFD-NS program in
development of radionuclide transport
modeling approaches (as applicable to

colloids).

N/A

N/A

Low: Information useful but
not necessary

Partially sufficient (issue can be
represented but needs improvement)

Medium: Information
supports or improves
decisions

Partially sufficient (issue can be
represented but needs
improvement)

Medium: Information
supports or improves
decisions

Partially sufficient (issue can be
represented but needs
improvement)

Highly dependent on design concept, meaterials selected, waste emplaced, and
thermal environment - potential for coupled processes

Not applicable at site screening phase.

Low importance at site selection phase - need high level representation for
evaluating performance. Current information base is deemed partially sufficient.

Medium importance at site characterization/design phase - need techniques
established to determine solubility controls. Medium importance at site suitability|
phase - understanding would need to support defensible representation of
radionuclide transport controls.

At each level, information is available to represent EBS transport, but would
have to be applied to specific environments/media/designs. R&D would lead to
improved methods. Thus, adequacy of information is deemed partially sufficient

at all decision points.

Interface with Separations/Waste Form
Campaign regarding colloid
formation/stability within waste forms.

Interface with NEAMS and DOE-EM
ASCEM program in the development of

advanced radionuclide transport models.

Interface with UFD-NS program in
development of radionuclide transport
modeling approaches (as applicable to

colloids).

N/A

N/A

Low: Information useful but
not necessary

Partially sufficient (issue can be
represented but needs improvement)

Medium: Information
supports or improves
decisions

Partially sufficient (issue can be
represented but needs
improvement)

Medium: Information
supports or improves
decisions

Partially sufficient (issue can be
represented but needs
improvement)

Highly dependent on design concept, meaterials selected, waste emplaced, and
thermal environment - potential for coupled processes

Not applicable at site screening phase.

Low importance at site selection phase - need high level representation for
evaluating performance. Current information base is deemed partially sufficient.

Medium importance at site characterization/design phase - need techniques
established to determine solubility controls. Medium importance at site suitability|
phase - understanding would need to support defensible representation of
radionuclide transport controls.

At each level, information is available to represent EBS transport, but would
have to be applied to specific environments/media/designs. R&D would lead to
improved methods. Thus, adequacy of information is deemed partially sufficient

at all decision points.

Interface with Separations/Waste Form
Campaign regarding colloid
formation/stability within waste forms.

Interface with NEAMS and DOE-EM
ASCEM program in the development of

advanced radionuclide transport models.

Interface with UFD-NS program in
development of radionuclide transport
modeling approaches (as applicable to

colloids).

N/A

N/A

Low: Information useful but
not necessary

Partially sufficient (issue can be
represented but needs improvement)

Medium: Information
supports or improves
decisions

Partially sufficient (issue can be
represented but needs
improvement)

Medium: Information
supports or improves
decisions

Partially sufficient (issue can be
represented but needs
improvement)

Highly dependent on design concept, meaterials selected, waste emplaced, and
thermal environment - potential for coupled processes

Not applicable at site screening phase.

Low importance at site selection phase - need high level representation for
evaluating performance. Current information base is deemed partially sufficient.

Medium importance at site characterization/design phase - need techniques
established to determine solubility controls. Medium importance at site suitability|
phase - understanding would need to support defensible representation of
radionuclide transport controls.

At each level, information is available to represent EBS transport, but would
have to be applied to specific environments/media/designs. R&D would lead to
improved methods. Thus, adequacy of information is deemed partially sufficient

at all decision points.
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Objective

Feature

Process (Issue)

Ability to Address through Generic R&D

Importance of Issue/Process to Safety Case

State of the Art Relative to Issue/Process

UFD FEP ID

UFD FEP Title

Process/Issue Description

Yes/No/Partial

Discussion

Performance
(Safety Analysis)

Design, Construction,
Operations

Overall Confidence

Discussion

Status

Discussion

Limited Release -
Enineered Barriers

Engineered Barriers

2.1.09.61

Filtration of Colloids in
EBS

- Physical filtration (dependent on flow
pathways, colloid size)

- Electrostatic filtration

- Colloid trapping at the air-water interface
[see Sorption of Colloids at Air-Water
Interface in EBS 2.1.09.60]

Partial - Site Specific,
Design Specific

Dependent on EBS design concept (disposal facility
geometry and materials) and site/media
(advection/diffusion dominated system).

Also dependence on importance of colloid formation
and stability within the EBS (if they don't form or are
unstable, then transport is not applicable)

Generic R&D would investigate colloid sorption
processes in materials for individual barriers and
components of the EBS. Focus would be on methods
development and controlling processes. Parameters
could be determined for EBS materials if independent
from site/media and specific design.

Colloid transport requires certain conditions for the hosting|
media which are not expected in buffer/backfill repository

environments.

Fundamental Gaps in Method,

Fundamental Data Needs

Although colloids might form, their role in transport will be highly
dependent on other parameters of the EBS. Colloidal phases may
have an important effect of radionuclide solubility but their stability

under various conditions and their role as soilubility-controlling phases|
is still a matter of research.

The role of humics, fulvics and other organic materials has been
widely studied in the EU.

Limited Release -
Enineered Barriers

Seals

2.1.09.62

Radionuclide Transport
Through Liners and
Seals

- Advection
- Dispersion
- Diffusion
- Sorption

[contributes to Radionuclide release from
EBS in 2.1.09.63]

Partial - Site Specific,
Design Specific

Dependent on EBS design concept (disposal facility
geometry and materials) and site/media
(advection/diffusion dominated system).

Generic R&D would investigate diffusive/advective
transport processes in materials for individual barriers
and components of the EBS. Focus would be on
methods development and controlling processes.
Parameters could be determined for EBS materials if
independent from site/media and specific design.

Included with R&D on EBS radionuclide transport (2.1.09.51 through

2.1.09.54)

Limited Release -
Enineered Barriers

Engineered Barriers

2.1.09.63

Radionuclide Release
from the EBS

- Dissolved

- Colloidal

- Gas Phase

- Spatial and temporal distribution of
releases to the host rock (due to varying
flow pathways and velocities, varying
component degradation rates, varying
transport properties)

[contributions from Dissolved in
2.1.09.51/52/53, Colloidal in
2.1.09.57/58/59, Gas Phase in 2.1.12.03,
Liners and Seals in 2.1.09.62]

Partial - Site Specific,
Design Specific

Dependent on EBS design concept (disposal facility
geometry and materials) and site/media
(advection/diffusion dominated system).

Generic R&D would investigate diffusive/advective
transport processes in materials for individual barriers
and components of the EBS. Focus would be on
methods development and controlling processes.
Parameters could be determined for EBS materials if
independent from site/media and specific design.

Included with R&D on EBS radionuclide transport (2.1.09.51 through

2.1.09.54)

2.1.10.00

1.10. BIOLOGICAL
PROCESSES

Containment,
Limited Release
Engineered Barriers|

Engineered Barriers

2.1.10.01

Microbial Activity in EBS]
- Natural
- Anthropogenic

- Effects on corrosion

- Formation of complexants

- Formation of microbial colloids
- Formation of biofilms

- Biodegradation

- Biomass production

- Bioaccumulation

[see also Microbiallly Influenced Corrosion
in 2.1.03.06, Complexation in EBS in
2.1.09.54, Radiological Mutation of
Microbes in 2.1.13.03]

Partial - Site Specific,
Design Specific

Dependent on EBS design concept (disposal facility
geometry and materials) and site/media .

Generic R&D would investigate these issues for
individual barrier materials as part of material
degradation and radionuclide transport R&D

Included with R&D on EBS degradation and radionuclide transport

processes/issues above

2.1.11.00

1.11. THERMAL
PROCESSES

Containment,
Limited Release
Engineered Barriers|

Engineered Barriers

2.1.11.01

Heat Generation in EBS]

- Heat transfer (spatial and temporal
distribution of temperature and relative
humidity)

[see also Thermal-Hydrologic Effects from
Preclosure in 1.1.02.03, Waste Inventory
in 2.1.01.01]

Partial - Site Specific,
Design Specific

Dependent on EBS design concept, wastes emplaced,|
site/media .

Generic R&D would investigate improved methods for
representing heat transfer in geologic environments
and different design concepts

Simpleer approaches and methods to support system-|
level analyses. Improved coupled THMC
representation for future application in safety analyses)

High

High

High

Heat distribution in the EBS is important to repository
design and EBS material performance.

Fundamental Data Needs

Work has been done in the U.S. and in other countries regarding to
the effect of heat on EBS performance. Strong influence to THCM
coupled processes in the EBS. Thermal management criteria is
strongly tied to barrier concept and performance. THCM models and
data needs are essential to the assessment of barrier performance.
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FCT PROGRAM INTERFACE

Importance of Issue/Process and Adequacy of the Current State of the Art Relative to Decision Points

Media

Site Screening

Site Selection

Site Characterization and Disposal System Design

Site Suitability

Importance

Adequacy

Importance

Adequacy

Importance

Adequacy

Importance

Adequacy

DISCUSSION

Interface with Separations/Waste Form
Campaign regarding colloid
formation/stability within waste forms.

Interface with NEAMS and DOE-EM
ASCEM program in the development of
advanced radionuclide transport models.

Interface with UFD-NS program in
development of radionuclide transport
modeling approaches (as applicable to

colloids).

N/A

N/A

Low: Information useful but
not necessary

Partially sufficient (issue can be
represented but needs improvement)

Medium: Information
supports or improves
decisions

Partially sufficient (issue can be
represented but needs
improvement)

Medium: Information
supports or improves
decisions

Partially sufficient (issue can be
represented but needs
improvement)

Highly dependent on design concept, meaterials selected, waste emplaced, and
thermal environment - potential for coupled processes

Not applicable at site screening phase.

Low importance at site selection phase - need high level representation for
evaluating performance. Current information base is deemed partially sufficient.

Medium importance at site characterization/design phase - need techniques
established to determine solubility controls. Medium importance at site suitability|
phase - understanding would need to support defensible representation of
radionuclide transport controls.

At each level, information is available to represent EBS transport, but would
have to be applied to specific environments/media/designs. R&D would lead to
improved methods. Thus, adequacy of information is deemed partially sufficient

at all decision points.

Interface with Separations/Waste Form
Campaign, Systems Analysis campaign,
and FCT Systems Engineering efforts.
Thermal load assessment from
inventories, and dependencies on EBS
design concepts.

Interface with UFD-NS program on
coupled THMC modeling

N/A

N/A

Low: Information useful but

not necessary

Partially sufficient (issue can be
represented but needs improvement)

High: Information is
essential to decisions

Partially sufficient (issue can be
represented but needs
improvement)

High: Information is
essential to decisions

Partially sufficient (issue can be
represented but needs
improvement)

Highly dependent on design concept, meaterials selected, waste emplaced, and
thermal environment - strongly coupled process

Not applicable at site screening phase.

Low importance at site selection phase - need high level representation for
evaluating performance and determining potential ‘footprint' of disposal facility
within candidate sites. Current information base is deemed partially sufficient.

High importance at site characterization/design phase - supports development of]
design and initial assessments of disposal system performance (safety
analysis).

High importance at site suitability state - need understanding of heat generation
and THMC processes, defensible representations.

R&D would lead to improved methods. Thus, adequacy of information is
deemed partially sufficient at all decision points.
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Appendix A

Objective

Feature

Process (Issue)

Ability to Address through Generic R&D

Importance of Issue/Process to Safety Case

State of the Art Relative to Issue/Process

UFD FEP ID

UFD FEP Title

Process/Issue Description

Yes/No/Partial

Discussion

Discussion

Status

Discussion

Containment,
Limited Release
Engineered Barriers|

Engineered Barriers

2.1.11.02

Exothermic Reactions
in EBS

- Oxidation of SNF
- Hydration of concrete

Partial - Site Specific,
Design Specific

Dependent on materials emplaced as part of EBS.
Anticipate that exothermal reactions would not have
significant impact on disposal system.

Generic R&D could focus on determining potential for
different EBS materials

Expected to be of low impact in backfilled repository
environments

Fundamental Gaps in Method,
Fundamental Data Needs

Assessment of the effects from exothermic reactions could be
approached from the thermochemical properties of EBS materials.

Information needed for advanced fuels that could potentially be direct
disposed and waste forms.

Containment,
Limited Release
Engineered Barriers|

Engineered Barriers

2.1.11.03

Effects of Backfill on
EBS Thermal
Environment

- Thermal blanket
- Condensation

Partial - Site Specific,
Design Specific

Dependent on EBS design concept backfill/buffer
materials, and site/media .

Generic R&D would investigate thermal properties and
evolution of backfill/buffer materials in thermal
environments. This would be coupled with R&D on the|
evolution and effects in EBS backfill materials.

Applicable to design concepts that include buffer/backfill
materials.

Heat distribution in the EBS is important to repository
design and EBS material performance.

Fundamental Gaps in Method,
Fundamental Data Needs

Work has been done in the U.S. and in other countries regarding to
the effect of heat transport on EBS performance. Strong influence to
THCM coupled processes in the EBS. Thermal management criteria
is strongly tied to barrier concept and performance. THCM models
and data needs are essential to the assessment of barrier
performance.

Little/no information regarding new/novel backfill/buffer materials

Containment,
Limited Release
Engineered Barriers|

Engineered Barriers

2.1.11.04

Effects of Drift Collapse
on EBS Thermal
Environment

- Thermal blanket
- Condensation

Partial - Site Specific,
Design Specific

Dependent on EBS design concept backfill/buffer
materials, and site/media .

R&D to asses generic impacts, but detailed R&D
would require identification of site(s) and design
concept(s).

Performance Design, Construction, .
) ) Overall Confidence
(Safety Analysis) Operations
N/A N/A N/A
High Medium High
Medium Medium Low

Importance to performance estimated at medium. May be!
N/A for some design concepts and environments.

Estimated to be of medium importance to design - could
limit emplacement "room" or tunnel size.

Low importance assumed for overall confidence
importance

Low importance for backfilled repository designs in hard o
sedimentary rock.

Fundamental Gaps in Method,
Fundamental Data Needs

Relevant to construction operations, waste emplacement, and the
emplacement of backfill material. THM processes could enhance the
excavated damage zone thus influencing the hydraulic properties of
the EBS backfill/buffer materials.

Containment,
Limited Release
Engineered Barriers|

Engineered Barriers

2.1.11.05

Effects of Influx
(Seepage) on Thermal
Environment

- Temperature and relative humidity
(spatial and temporal distribution)

[see also Influx/Seepage into EBS in
2.1.08.09]

Partial - Site Specific,
Design Specific

Dependent on EBS design concept backfill/buffer
materials, and site/media.

Would be considered in overall R&D on EBS thermal
environment.

May not be applicable to some sites and design
concepts (i.e., low-heat or thermally constrained)

Included with R&D on Heat Generation in EBS processes/issues
above (2.1.11.01)

Containment,
Limited Release
Engineered Barriers|

Waste Form

2.1.11.06

Thermal-Mechanical
Effects on Waste Form
and In-Package EBS
Components

- Alteration
- Cracking
- Thermal expansion / stress

Partial - Site Specific,
Design Specific

R&D to asses SNF material mechanical behavior

Included with R&D on mechanical properties of and effects on backfill
processes/issues above (2.1.07.06 and 2.1.07.07)

Containment,
Limited Release
Engineered Barriers|

Waste Packaging

2.1.11.07

Thermal-Mechanical
Effects on Waste
Packages

- Thermal sensitization / phase changes
- Cracking
- Thermal expansion / stress/ creep

Partial - Site Specific,
Design Specific

Cannot do specific R&D without design and
environment. Can perform generic R&D to asses
waste package material mechanical behavior

Included with R&D on mechanical properties of and effects on waste
package processes/issues above (2.1.07.05)

Containment,
Limited Release
Engineered Barriers|

Backfill/Buffer

2.1.11.08

Thermal-Mechanical
Effects on Backfill

- Alteration
- Cracking
- Thermal expansion / stress

Partial - Site Specific,
Design Specific

Specific R&D would require establishment of design
and selection of material.

Generic R&D could be conducted on backfill/buffer
materials independent of design.

Included with R&D on mechanical properties of and effects on backfill
processes/issues above (2.1.07.03 and 2.1.07.04)

Containment,
Limited Release
Engineered Barriers|

Other Engineered
Features

2.1.11.09

Thermal-Mechanical
Effects on Other EBS
Components

- Seals

- Liner / Rock
Reinforcement
Materials

- Waste Package
Support Structure

- Alteration
- Cracking
- Thermal expansion / stress

Partial - Site Specific,
Design Specific

Also media specific.

Specific R&D would require establishment of sub-
surface design and selection of materials - compatible
with site/media.

Generic R&D could be conducted to assess materials
mechanical behavior independent of design and
site/media.

Included with R&D on mechanical properties of and effects on waste
package processes/issues above (2.1.07.08)
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Appendix A

FCT PROGRAM INTERFACE

Importance of Issue/Process and Adequacy of the Current State of the Art Relative to Decision Points

Media

Site Screening

Site Selection

Site Characterization and Disposal System Design

Site Suitability

Importance

Adequacy

Importance

Adequacy

Importance

Adequacy

Importance

Adequacy

DISCUSSION

Interface with Separations/Waste Form
and Fuels campaigns and FCT System
Engineering - identify if any materials
have potential for exothermic reactions.

N/A

N/A

N/A

N/A

Low: Information useful but

not necessary

Insufficient (cannot adequately
represent issue)

Medium: Information
supports or improves
decisions

Insufficient (cannot adequately
represent issue)

Highly dependent on materials that would be emplaced
Not applicable at site screening or site selection phase.

Low importance at site characterization/design phase and medium at site
suitibality phases - need to understand materials that would be emplaced and
liklihood of exothermic reactions. If it needs to be included, defensible
representations would have to be developed to support safety analysis.

Adequacy of information is deemed insufficient as no information is known
regarding potential of advanced fuels and waste forms for exothermic reactions.

Interface with NEAMS

N/A

N/A

Low: Information useful but

not necessary

Partially sufficient (issue can be
represented but needs improvement)

Medium: Information
supports or improves

decisions

Partially sufficient (issue can be
represented but needs
improvement)

Medium: Information
supports or improves
decisions

Insufficient (cannot adequately
represent issue)

Highly dependent on design concept, meaterials selected, waste emplaced, and
thermal environment - strongly coupled process

Not applicable at site screening phase.

Low importance at site selection phase - need high level representation for
evaluating performance and determining potential ‘footprint' of disposal facility
within candidate sites. Current information base is deemed partially sufficient.

High importance at site characterization/design phase - supports development of]
design and initial assessments of disposal system performance (safety
analysis). Improved understanding for "traditional" backfill/buffer materials, no
information available for new/novel backfill materials - current information is
partially adequate.

High importance at site suitability state - need understanding of backfill/buffer
thermal behavior. R&D would lead to improved methods and information for
traditional and new/novel backfill/buffer materials. Thus, adequacy of
information is deemed insufficient at this decision point.

Interface with UFD-NS program

N/A

N/A

N/A

N/A

Medium: Information
supports or improves

decisions

Insufficient (cannot adequately
represent issue)

Medium: Information
supports or improves
decisions

Insufficient (cannot adequately
represent issue)

Highly dependent on design concept, meaterials selected, waste emplaced, and
thermal environment - strongly coupled process

Not applicable at site screening and site selection phases.

Medium importance at site characterization/design and site suitability phases -
supports development of design and initial assessments of disposal system
performance (safety analysis). Need understanding of impacts on thermal
behavior (and other processes). Adequacy of information is deemed insufficient
at these decision points.
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Appendix A

Objective

Feature

Process (Issue)

Ability to Address through Generic R&D

Importance of Issue/Process to Safety Case

State of the Art Relative to Issue/Process

Performance

Design, Construction,

UFD FEP ID UFD FEP Title Process/Issue Description Yes/No/Partial Discussion (safety Analysis) Operations Overall Confidence Discussion Status Discussion
2.1.11.10  JThermal Effects on - Altered influx/seepage
Flow in EBS - Altered saturation / relative humidity (dry: Dependent on EBS design concept (disposal facility
out, resaturation) geometry and materials) and site/media
Containment, - Condensation ) ) 3 (advection/diffusion dominated system). _ - _
Limited Release Engineered Barriers - Relgvant to deep-borehole and salt Partial - Site Spgplflc, ‘ ‘ ) ‘ Included with R&D on Heat Generation in EBS processes/issues
Engineered Barriers repository concepts Design Specific Generic R&D would investigate gdvecwe transport above (2.1.11.01)
processes in materials for individual barriers and
components of the EBS. Focus would be on methods
development and controlling processes.
2.1.11.11 Thermally-Driven Flow |- Convection
(Convect)ilon) in EBS Dependent on EBS design concept (disposal facility
geometry and materials) and site/media
Containment, ) ) 3 (advection/diffusion dominated system). _ - _
Limited Release Engineered Barriers Partial - Site Spgcnfuc, ! ‘ ) ! Included with R&D on Heat Generation in EBS processes/issues
Engineered Barriers Design Specific Generic R&D would investigate advective transport above (2.1.11.01)
processes in materials for individual barriers and
components of the EBS. Focus would be on methods
development and controlling processes.
2.1.11.12 | Thermally-Driven - Vapor flow
Buoyanté\ow/ Heat P Dependent on EBS design concept (disposal facility
Pipes in EBS geometry and materials) and site/media
Containment, . " " (advection/diffusion dominated system). Included with R&D on Heat Generation in EBS processes/issues
o . . Partial - Site Specific, N .
Limited Release Engineered Barriers . . above (2.1.11.01) and EBS hydrologic processes/issues above
Engineered Barriers Design Specific Generic R&I? would ‘mvestlg‘ate‘ alldvect\ve ‘transport (2.1.08)
processes in materials for individual barriers and
components of the EBS. Focus would be on methods
development and controlling processes.
211113 .(I;I;ernmi:tlrszi?jtsl\/l(\)cnrob\al Dependent on EBS design concept (disposal facility
Activity in EBS geometry and materials) and site/media
X (advection/diffusion dominated system). . N 3
Containment, . . " Included with R&D on Heat Generation in EBS processes/issues
Limited Release Engineered Barriers Partial : Site Spgglf'c’ . . . . above (2.1.11.01) and EBS hydrologic processes/issues above
Engineered Barriers Design Specific Generic R&D would investigate gdvecwe transport (2.1.08)
processes in materials for individual barriers and
components of the EBS. Focus would be on methods
development and controlling processes.
2.1.11.14  JThermal Elﬁects on - Thermal d'\ffusiqn (Soret effect) Dependent on EBS design concept (disposal facility
Transport in EBS - Thermal osmosis geometry and materials) and site/media
Containment, (advection/diffusion dominated system).
Limited Release Engineered Barriers Partial - Site Sp_e_cific, ] ) ) ! Included with R&D on EBS transport processes/issues above
Engineered Barriers Design Specific Generic R&D would investigate advective transport (2.1.09.51 through 2.1.09.61)
processes in materials for individual barriers and
components of the EBS. Focus would be on methods
development and controlling processes.
2.1.12.00 |1.12. GAS SOURCES
AND EFFECTS
2.1.12.01 Gas Generation in EBS |- Repository Pressurization
- Mechanical Damage to EBS
Components
-He Zenerat\on from waste from alpha Dependent on EBS design concept (disposal facility
decay geometry and materials) and site/media
Licmoi::z:;ee,;:e Engineered Barriers He geherat\on from waste package Partial - Site Specific, (advection/diffusion dominated system). High Low Low Gas transport could be very important in controlling EBS Fundamental Gaps in Method, There are needs for modeling approaches and experimental data to
) A corrosion Design Specific . ) chemistry in backfilled repository concepts. Fundamental Data Needs accurately assess the importance of gas transport through EBS.
Engineered Barriers - CO,, CH,, and H,S generation from Genenlc R&D would investigate potential for gas
microbial degradation generation from em;:rl]aact:rm_jgt of wastes and EBS
I .
2.1.12.02 Effects of Gas on Flow |- Two-phase flow
Through the EBS - Gas bubbles
[see also Buoyant Flow/Heat Pipes in
2.1.11.12) Dependent on EBS design concept (disposal facility
Containment, ) ) . geometlry aqd mlaterials)‘and site/media ‘ ‘ ‘ ‘ ! )
Limited Release Engineered Barriers Partial - Site Specific, (advection/diffusion dominated system). High Low Low Gas transport could be very important in controlling EBS Fundamental Gaps in Method, There are needs for modeling approaches and experimental data to

Engineered Barriers|

Design Specific

Generic R&D would investigate impacts of gas on
groundwater flow through EBS materials.

chemistry in backfilled repository concepts.

Fundamental Data Needs

accurately assess the importance of gas transport through EBS.
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Appendix A

FCT PROGRAM INTERFACE

Importance of Issue/Process and Adequacy of the Current State of the Art Relative to Decision Points

Site Screening

Site Selection

Site Characterization and Disposal System Design

Site Suitability

Media DISCUSSION
Importance Adequacy Importance Adequacy Importance Adequacy Importance Adequacy
Highly dependent on design concept, meaterials selected, and waste emplaced.
Not applicable at site screening and site selection phases.
Medium: Information Partially sufficient (issue can be Medium: Information Partially sufficient (issue can be Medium importance at site characterization/design and site suitability phases -
Interface with WF and potentially NEAMS) N/A N/A N/A N/A supports or improves represented but needs supports or improves represented but needs p N g‘ y p‘
N N potential for gas generation could affect design and safety analysis.
decisions improvement) decisions improvement)
Need understanding of potential for gas generation from emplaced materials.
Since materials are not known, adequacy of information is deemed insufficient
at this decision point.
Highly dependent on design concept, meaterials selected, and waste emplaced.
Not applicable at site screening and site selection phases.
Medium: Information Partially sufficient (issue can be Medium: Information Partially sufficient (issue can be | Medium importance at site characterization/design and site suitability phases -
N/A N/A N/A N/A supports or improves represented but needs supports or improves represented but needs potential for gas "enhanced" flow and transport could affect design and safety
decisions improvement) decisions improvement) analysis.
Need understanding of potential for gas generation from emplaced materials.
Since materials are not known, adequacy of information is deemed insufficient
at this decision point.
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Appendix A

Objective

Feature

Process (Issue)

Ability to Address through Generic R&D

Importance of Issue/Process to Safety Case

State of the Art Relative to Issue/Process

Performance Design, Construction . . . . .
UFD FEP ID UFD FEP Title Process/Issue Description Yes/No/Partial Discussion (safety Analysis) gOperations ’] Overall Confidence Discussion Status Discussion
2.1.12.03 |Gas Transport in EBS |- Gas phase transport
- Gas phase release from EBS
Dependent on EBS design concept (disposal facility
geometry and materials) and site/media
Limited Release - Engineered Barriers Partial - Site Specific, (advection/diffusion dominated system). High Medium Low Gas transport could be very important in controlling EBS Fundamental Gaps in Method, There are needs for modeling approaches and experimental data to
Enineered Barriers 8 Design Specific 9 chemistry in backfilled repository concepts. Fundamental Data Needs accurately assess the importance of gas transport through EBS.
Generic R&D would investigate impacts of gas on
radionuclide transport through EBS materials.
. 2.1.12.04 |Gas Explosions in EBS [[see also Flammable Gas from Waste in
Containment, .
. . . 2.1.02.05] Likely to be precluded by waste acceptance and
Limited Release Engineered Barriers No . . Lo
. R facility design criteria
Engineered Barriers|
2.1.13.00 1.13. RADIATION
EFFECTS
2.1.13.01 Radiolysis - Gas generation
- In Waste Package - Altered water chemistry Dependent on EBS design concept (disposal facility
Containment, - In Backfil geometry and materials) and site/media ) ) )
o . . ~In Tunnel . " N e . Included with R&D on EBS geochemical processes/issues above
Limited Release Engineered Barriers Partial - Design Specific (advection/diffusion dominated system).
. R (2.1.09.06 through 2.1.09.09)
Engineered Barriers|
Included in generic R&D regarding EBS geochemistry
2.1.13.02 Radiation Damage to |- Enhanced waste form degradation - ) .
EBS Components - Enhanced waste package degradation Effects of radiation are likely to be more important at gap
- Waste Form - Enhanced backfill degradation and grain boundary or other domains where defects are
Containment, - Waste Package - Enhanced degradation of other EBS Applicable to directly disposed SNF waste forms only. more likely to be found. Enhancement of waste form )
Limited Release Engineered Barriers - Backfill components (liner/rock reinforcement Yes Could have effect on waste packaging and Low Low Low degradation requires the presence of liquid water for this Fundamental Gaps in Method, Anticipated to be of low impact to the overall repository performance.
Engineered Barriers - Other EBS materials, seals, waste support structure) buffer/backfill for very "hot” HLW process to be highly effective. The effects of radiation on Fundamental Data Needs
Components ’ EBS is likely to be minimal given the shielding of waste
package components, however it could occur for very
"hot" waste forms.
2.1.13.03 Radiological Mutation of
Microbes Site Specific
Containment,
Limited Release Engineered Barriers No Also very !\kely to be screened gut, Itis h\glhly unlikely
Engineered Barriers that microbes could mutate into something that
8 somehow utilizes a different metabolic pathway than
one that is currently in existence.
2.1.14.00 1.14. NUCLEAR
CRITICALITY
2.1.14.01 Criticality In-Package |- Formation of critical configuration
. . . Data for burnup credit assessment
Burnup credit, poison inserts
Containment, Fuels from advanced fuel cycles that would be directly disposed
Limited Release Engineered Barriers Partial - Design Specific Site and design specific Low Medium High Medium for "Design, Construction, Operations" if burnup Fundamental Data Needs uels from advanced fuel cycles thal wog © directly |sgose
X R " and/or advanced waste forms may have different concentrations of
Engineered Barriers| credit strongly influence amount of waste to be emplaced N I
could influence design criteria fissile isotopes and poisons, necessitating the need to assess the
9 potential for nuclear criticality.
2.1.14.02  |Criticality in EBS or - Formation of critical configuration
Near-Field Methods devellosn?glnt, di:\or:sttli'aﬂon in potential Burnup credit, poison inserts Data for burnup credit assessment
Containment, prausibie contigurations Fuels from advanced fuel cycles that would be directly disposed
Limited Release Engineered Barriers Partial - Design Specific . " Low Medium High Medium for "Design, Construction, Operations" if burnup Fundamental Data Needs uels from advanced fuel cycles tha wog e directly |sgose
. R Design specific N and/or advanced waste forms may have different concentrations of
Engineered Barriers| credit strongly influence amount of waste to be emplaced N e
. . - fissile isotopes and poisons, necessitating the need to assess the
—_— . ) . could influence design criteria : o
Lack of validation data for critical configuration potential for nuclear criticality.
2.2.00.00 2. GEOLOGICAL
ENVIRONMENT
2.2.01.00 2.01. EXCAVATION
DISTURBED ZONE
(EDZ)
2.2.01.01 Evolution of EDZ - Lateral extent, heterogeneities
- Physical properties Need to know the evolution of the characteristics of the EDZ under thej
N g'ﬁw palTW:yS ] ; thermal-mechanical and wetting changes (clay and salt).
- Chemical characteristics of groundwater
in EDZ ) N Need to understand the coupled evolution of near-field host rock
égazldlonuchde speciation and solubility in And Operational Specific Radionuclide mobility and transport pathways directly (EDZ) and backfill.
Limited Release - Natural System - - Thermal-mechanical effects Partial - Site Specific, . . . . impacts Iong-term_reposw_tory performaljce. Shor_t term
Natural Barriers Geosphere ‘ : Design Specific Generic studies to evaluate potential in generic High High High room closure directly impacts repository desgin , Fundamental Data Needs Considerable work has been done for WIPP and European programs.
- Thermal-chemical alteration systems, identify key processes, potential impacts, constrcution, and operations for salt or clay disposal
. importance environments. European programs starting multi-year projects investigating thermal-
[Esee also Mecf;a:lg;lolif]fects of mechanical and moisture effects in the EDZ.
xcavation in 1.1.02.
This issue includes other disturbances (e.g., ventilation) beyond just
excavation effects.
2.2.02.00 2.02. HOST ROCK
2.2.02.01 Stratigraphy and - Rock units

Properties of Host Rock

- Thickness, lateral extent,
heterogeneities, discontinuities, contacts
- Physical properties

Used Fuel Disposition Campaign
Disposal Research and Development Roadmap

FCRD-USED-2011-000065




Appendix A

Importance of Issue/Process and Adequacy of the Current State of the Art Relative to Decision Points
FCT PROGRAM INTERFACE

Site Screening Site Selection Site Characterization and Disposal System Design Site Suitability
Media DISCUSSION
Importance Adequacy Importance Adequacy Importance Adequacy Importance Adequacy
Highly dependent on design concept, meaterials selected, and waste emplaced.
Not applicable at site screening and site selection phases.
Medium: Information Partially sufficient (issue can be Medium: Information Partially sufficient (issue can be | Medium importance at site characterization/design and site suitability phases -
N/A N/A N/A N/A supports or improves represented but needs supports or improves represented but needs potential for gas "enhanced" flow and transport could affect design and safety
decisions improvement) decisions improvement) analysis.
Need understanding of potential for gas generation from emplaced materials.
Since materials are not known, adequacy of information is deemed insufficient
at this decision point.
Interface with Separations/Waste Form Not applicable at site screening and site selction phases.
Campaign. Impacts and effects of . . - . ) -
radiation damage on waste forms should N/A N/A N/A N/A Low: Information useful but | Insufficient (cann(?t adequately | Low: Information useful but| Insufficient (cann(?t adequately Low importance at site characterization / design and site suitability phases.
not necessary represent issue) not necessary represent issue) ; :
be considered in their R&D on Information for advanced fuels and waste forms not know, thus information is
degradation processes. deemed insufficient to support these decision points.
Not applicable at site screening and site selction phases.
.Inlerface with Fuels and. Medium: Information Partially sufficient (issue can be Medium: Information Partially sufficient (issue can be . . . -
Separations/Waste Form campaign and . . Medium importance at site characterization / design and site suitability phases.
. N/A N/A N/A N/A supports or improves represented but needs supports or improves represented but needs ) ¥ N
UFD - storage / transportation program N N Information for waste package configurations, advanced fuels, and waste forms
. decisions improvement) decisions improvement) R N . N !
(potentially degraded conditions) not know, thus information is deemed insufficient to support these decision
points.
Not applicable at site screening and site selction phases.
.Inlerface with Fuels and. Medium: Information Partially sufficient (issue can be Medium: Information Partially sufficient (issue can be . . . -
Separations/Waste Form campaign and . . Medium importance at site characterization / design and site suitability phases.
. N/A N/A N/A N/A supports or improves represented but needs supports or improves represented but needs ) ¥ N
UFD - storage / transportation program N N Information for waste package configurations, advanced fuels, and waste forms
. decisions improvement) decisions improvement) R N . N !
(potentially degraded conditions) not know, thus information is deemed insufficient to support these decision
points.
Medium: Information " " Medium: Information Partially sufficient (issue can be Medium: Information Partially sufficient (issue can be
. N Partially sufficient (issue can be . N
Granite/Crystalline N/A N/A supports or improves N supports or improves represented but needs supports or improves represented but needs
. represented but needs improvement) - . - .
decisions decisions improvement) decisions improvement)
Medium: Information - Medium: Information - Medium: Information -
. Insufficient (cannot adequately . Insufficient (cannot adequately N Insufficient (cannot adequately
Deep Boreholes N/A N/A supports or improves X supports or improves X supports or improves X
N represent issue) N represent issue) N represent issue)
Interface with UFD-ES program - coupled| decisions decisions decisions
processes
Medium: Information " " Medium: Information Partially sufficient (issue can be Medium: Information Partially sufficient (issue can be
. Partially sufficient (issue can be . .
Salt N/A N/A supports or improves N supports or improves represented but needs supports or improves represented but needs
. represented but needs improvement) - . - .
decisions decisions improvement) decisions improvement)
Clay/Shale NA NA High: Information is Insufficient (cannot adequately High: Information is Insufficient (cannot adequately High: Information is Insufficient (cannot adequately
4 essential to decisions represent issue) essential to decisions represent issue) essential to decisions represent issue)
. ) High: Information is Partially sufficient (issue can be High: Information is Partially sufficient (issue can be High: Information is Partially sufficient (issue can be
Granite/Crystalline N/A N/A X . N X . represented but needs X . represented but needs
essential to decisions represented but needs improvement) essential to decisions essential to decisions
improvement) improvement)
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Appendix A

Process (Issue) Ability to Address through Generic R&D Importance of Issue/Process to Safety Case State of the Art Relative to Issue/Process
Objective Feature Perf. b c
- _— " . . erformance esign, Construction " . . . .
UFD FEP ID UFD FEP Title Process/Issue Description Yes/No/Partial Discussion A &N, A ’] Overall Confidence Discussion Status Discussion
= (Safety Analysis) Operations = =
- Flow pathways
[see also Fractures in 2.2.05.01 and Many site characterization methods have been developed for
N U - . . ) repository and other related programs (EM, carbon sequestration).
N, 1N - Fault; 2.2.05.02 . " . - . - . ) .
All atural System adlisin 1 Partial - Site Specific Characterization methods High Medium High Rock heterogeneities and _extetns directly impact far-field Fundamental Gaps in Method More refined methods can be developed to define flow paths
Geosphere performance in waste isolation. . A " - .
(discontinuities, heterogenities, fracture connectivity, and uncertainty
quantification).
2.2.03.00 2.03. OTHER
GEOLOGIC UNITS
2.2.03.01 Stratigraphy and - Rock units
Properties of Other - Thickness, lateral extent,
Geologic Units (Non- heterogeneities, discontinuities, contacts
Host-Rock) - Physical properties
- Flow pathways
X Other geologic units may define far field release
Eeel al;o Fractures in 2.2.05.01 and pathways. Judged to be high for performance (safety Many site characterization methods have been developed for
Al Natural System - aults in 2.2.05.02] Partial - Site Specific Characterization methods High Low High analysis), low for design, construction and operations, |moroved Representation repository and other related programs. Can be grouped with issues in
Geosphere P 9 9 (Information about other geologic units above the P P 2.2.02.01. Different investigation methods (e.g., from surface rather
repository horizon is necessary for the development of than from underground excavation) may be used.
ramps, shafts, and seals) and high for overall confidence.
2.2.05.00 2.05. FLOW AND
TRANSPORT
PATHWAYS
2.2.05.01 Fractures - Rock properties
- Host Rock
Limited Release - - Other Geologic Units | [see also Stratigrapr:jy and Prop]erties in Modeling sparsely fractured media is challenging. Need to develop
; _ 2.2.02.01 and 2.2.03.01 f i f i
Na.tural ?arrlers, Natural System Partial - Site Specific Characterization methods High Low High Fractures are an important r(leleallse pathway for crystalline Fundamental Gaps in Method \mproved modeling tools tolrepreselnt fractures/fraclture sets as
Dispersion and Geosphere repositories. discrete features. Need information to characterize/model
Dilution connectivity, channelization (e.g., tracer tests).
2.2.05.03 |Alteration and Evolution|- Changes In rock properties
of Geosphere Flow - Changes in faults
Pathways - Changes in fractures
Limited Release - - Host Rock - Plugging of flow pathways Rock broperty chan in flow pathw n generally b Data for validation is lacking.
Natural Barriers, Natural System - - Other Geologic Units [[- Changes in saturation ) . - Characterization methods and methods for modeling 0c* property changes In flow pathways can generaly be ] Some gaps may exist in modeling the interaction of chemical (alkaline)|
. . Partial - Site Specific . Low N/A Low screened out. Alkaline plume from the near field may Improved Confidence X " N
Dispersion and Geosphere evolution need to be considered plume with the surrounding rocks. Column experiments and natural
Dilution [see also Stratigraphy and Properties in . analogues could be used for understanding the alkaline plume.
2.2.02.01 and 2.2.03.01, Fractures in
2.2.05.01, and Faults in 2.2.05.02]
2.2.07.00 2.07. MECHANICAL
PROCESSES
2.2.07.01 Mechanical Effects on |- From subsidence
Host Rock - From salt creep European programs starting multi-year projects investigating thermal-
Limited Release - - From clay deformation mechanical and moisture effects.
Natural Barriers, Natural System - - From granite deformation (rockfall / drift Partial - Site Specific, . . . . . Mechanical effects are more important in near-field than far- Fundamental Gaps in Method,
Dispersion and Geosphere collapse into tunnels Design Specific Can be addressed generically for different rock types High High High field. Importance is dependent of rock type Fundamental Data Needs Note that there are also international collaborations in EM
Dilution - Chemical precipitaiton/ dissolution
- Stress regimes Need to interface with EBS.
2.2.07.02 Mechanical Effects on |- From subsidence
Other Geologic Units |- Chemical precipitation / dissolution
Limited Release - - Stress regimes
Natural Barriers, Natural System - . . . . . . . . . Fundamental Gaps in Method, Need to refine geomechanical modeling techniques. Need to validate
Dispersion and Geosphere [see also Subsidence in 1.2.02.01, Partial - Site Specific Can be addressed generically for different rock types Medium N/A Medium Less important than host rock except for glaciation Fundamental Data Needs models for glacial loading/unloading. Need natural analogue data.
Dilution Thermal-Mechanical Effects in 2.2.11.06
and Thermal-Chemical Alteration in
2.2.11.07]
2.2.08.00 2.08. HYDROLOGIC
PROCESSES
2.2.08.01 Flow Through the Host |- Saturated flow
Rock - Fracture flow / matrix imbibition Need to develop improved modeling tools to represent
- Unsaturated flow (fingering, capillarity, fractures/fracture sets as discrete features in crystalline. Need
episodicity, perched water) information to characterize/model connectivity, channelization (e.g.,
- Preferential flow pathways tracer tests).
LimitedI Release - | - Density effects on flow Flow regimes and pathways are important factors for long-|
N Barriers, N S - B i ) . - _— . ) ) . i ) i ing i .
a.tura Vamers atural System Flow pathways in Host Rock Partial - Site Specific Characterization and modeling methods High Low High term performance assessments Fundamental Gaps in Method Need to understand fracturation and healing in clays and salt
Dispersion and Geosphere Fundamental Data Needs
Dilution [see also Influx/Seepage into EBS in See also discussion in FEP 2.2..05.01 Water migration in salt is a unique process that needs to be better
2.1.08.09, Alteration of Flow Pathways in understtod. Need to understand thermal and pressure gradients and
2.2.05.03, Thermal Effects on Flow in gas generation and migration.
2.2.11.01, Effects of Gas on Flow in
2.2.12.02] Need to capture and validate uncertainty.
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Appendix A

FCT PROGRAM INTERFACE

Importance of Issue/Process and Adequacy of the Current State of the Art Relative to Decision Points

Site Screening

Site Selection

Site Characterization and Disposal System Design

Site Suitability

DISCUSSION

Importance and adquacy determined for overall process/issue and is
to sub-pr b-i

Media
Importance Adequacy Importance Adequacy Importance Adequacy Importance Adequacy
High: Information is Partially sufficient (issue can be High: Information is Partially sufficient (issue can be High: Information is Partially sufficient (issue can be
Deep Boreholes N/A N/A X . N X . represented but needs X . represented but needs
essential to decisions represented but needs improvement) essential to decisions K essential to decisions K
improvement) improvement)
High: Information is Partially sufficient (issue can be High: Information is Partially sufficient (issue can be High: Information is Partially sufficient (issue can be
Salt N/A N/A X - N X - represented but needs . - represented but needs
essential to decisions represented but needs improvement) essential to decisions X essential to decisions X
improvement) improvement)
High: Information is Partially sufficient (issue can be High: Information is Partially sufficient (issue can be High: Information is Partially sufficient (issue can be
Clay/Shale N/A N/A X . N X - represented but needs X - represented but needs
essential to decisions represented but needs improvement) essential to decisions X essential to decisions X
improvement) improvement)
Medium: Information . - N Medium: Information Partially sufficient (issue can be Medium: Information Partially sufficient (issue can be
. ) N Partially sufficient (issue can be N N
Granite/Crystalline N/A N/A supports or improves X supports or improves represented but needs supports or improves represented but needs
N represented but needs improvement) N N
decisions decisions improvement) decisions improvement)
Medium: Information " " Medium: Information Partially sufficient (issue can be Medium: Information Partially sufficient (issue can be
. Partially sufficient (issue can be N .
Deep Boreholes N/A N/A supports or improves N supports or improves represented but needs supports or improves represented but needs
. represented but needs improvement) . ; . ;
decisions decisions improvement) decisions improvement)
Medium: Information . - N Medium: Information Partially sufficient (issue can be Medium: Information Partially sufficient (issue can be
N Partially sufficient (issue can be N .
Salt N/A N/A supports or improves N supports or improves represented but needs supports or improves represented but needs
- represented but needs improvement) N N
decisions decisions improvement) decisions improvement)
Medium: Information . - N Medium: Information Partially sufficient (issue can be Medium: Information Partially sufficient (issue can be
N Partially sufficient (issue can be N .
Clay/Shale N/A N/A supports or improves N supports or improves represented but needs supports or improves represented but needs
- represented but needs improvement) N N
decisions decisions improvement) decisions improvement)
. . High: Information is Partially sufficient (issue can be High: Information is Partially sufficient (issue can be High: Information is Partially sufficient (issue can be
Granite/Crystalline N/A N/A X . N X . represented but needs X . represented but needs
essential to decisions represented but needs improvement) essential to decisions . essential to decisions .
improvement) improvement)
High: Information is Partially sufficient (issue can be High: Information is Partially sufficient (issue can be High: Information is Partially sufficient (issue can be
Deep Boreholes N/A N/A N . N N . represented but needs N . represented but needs
essential to decisions represented but needs improvement) essential to decisions . essential to decisions .
improvement) improvement)
High: Information is Partially sufficient (issue can be High: Information is Partially sufficient (issue can be High: Information is Partially sufficient (issue can be
Salt N/A N/A X . N . . represented but needs X . represented but needs
essential to decisions represented but needs improvement) essential to decisions . essential to decisions .
improvement) improvement)
High: Information is Partially sufficient (issue can be High: Information is Partially sufficient (issue can be High: Information is Partially sufficient (issue can be
Clay/Shale N/A N/A . . N X . represented but needs . . represented but needs
essential to decisions represented but needs improvement) essential to decisions . essential to decisions .
improvement) improvement)
. . Low: Information useful but Partially sufficient (issue can be Low: Information useful but Partially sufficient (issue can be Low: Information useful but Partially sufficient (issue can be
Granite/Crystalline N/A N/A N represented but needs represented but needs
not necessary represented but needs improvement) not necessary ; not necessary -
improvement) improvement)
Low: Information useful but Partially sufficient (issue can be Low: Information useful but Partially sufficient (issue can be Low: Information useful but Partially sufficient (issue can be
Deep Boreholes N/A N/A N represented but needs represented but needs
not necessary represented but needs improvement) not necessary - not necessary -
improvement) improvement)
High: Information is Partially sufficient (issue can be High: Information is Partially sufficient (issue can be High: Information is Partially sufficient (issue can be
Salt N/A N/A X N N X . represented but needs X . represented but needs
essential to decisions represented but needs improvement) essential to decisions K essential to decisions K
improvement) improvement)
High: Information is Partially sufficient (issue can be High: Information is Partially sufficient (issue can be High: Information is Partially sufficient (issue can be
Clay/Shale N/A N/A X N N X . represented but needs X . represented but needs
essential to decisions represented but needs improvement) essential to decisions X essential to decisions X
improvement) improvement)

Importance and adquacy determined for overall process/issue and is
licable to sub-pr b-i
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Appendix A

Process (Issue) Ability to Address through Generic R&D Importance of Issue/Process to Safety Case State of the Art Relative to Issue/Process
Objective Feature Perf. b c
- _— " . . erformance esign, Construction " . . . .
UFD FEP ID UFD FEP Title Process/Issue Description Yes/No/Partial Discussion A g A ’] Overall Confidence Discussion Status Discussion
I (Safety Analysis) Operations I I
2.2.08.02 Flow Through the Other|- Saturated flow
Geologic Units - Fracture flow / matrix imbibition
- Confining units - Unsaturated flow (fingering, capillarity,
- Aquiers ?gsidlc‘t);i pleﬂrched \tn;]ater) Need to develop improved modeling tools to represent
Limited Release - Dreen:‘\rt?/ne‘f?ectzmézafllovwv/ays fractures/fracture sets as discrete features in crystalline. Need
Natural Barriers, Natural System - . . . . - - . " " i i : i ) i i i ivity,
a_ ura Aafflefs atural System - Flow pathways out of Other Geologic Partial - Site Specific Characterization and modeling methods High Low High Flow regimes and pathways are important factors for long Fundamental Gaps in Method information to characterize/model connectivity, channelization (e.g
Dispersion and Geosphere Units term performance assessments. Fundamental Data Needs tracer tests).
Dilution
N li inty.
[see also Alteration of Flow Pathways in eed to capture and validate uncertainty
2.2.05.03, Thermal Effects on Flow in
2.2.11.01, Effects of Gas on Flow in
2.2.12.02]
- 2.2.08.03 Effects of Recharge on |- Infiltration rate
Limited Release - A .
. Geosphere Flow - Water table rise/decline
Natural Barriers, Natural System - . -
Dispersion and Geosphere - Host Rock No Site Specific
P - P - Other Geologic Units [[see also Infiltration 2.3.08.03]
Dilution
2.2.08.04 Effects of Repository |- Saturated flow (flow sink)
Excavation on Flow - Unsaturated flow (capillary diversion,
Through the Host Rock |drift shadow)
Limited Release - - Influx/Seepage into EBS (film flow, Alteration to flow field around excavation may be
Na_tural Barriers, Natural System - enhanced seepage Partial - Site Sp?Flﬂc’ Modeling methods Medium Low Medium important. Need to consider effects on flow with and Fundamental Gaps in Method Requires same R&D as FEP 2.2.08.01.
Dispersion and Geosphere Design Specific without backifll/sealing. More important in lower
Dilution [see also Influx/Seepage into EBS in permeability media.
2.1.08.09]
2.2.08.05 |Condensation Forms in |- Condensation cap
Limited Release - Host Rock - Shedding
Natural Barriers, Natural System - . .
Dispersion and Geosphere [see also Thermal Effects on Flow in No Site Specific
Dilution Geosphere in 2.2.11.01]
. 2.2.08.06 Flow Through EDZ - Saturated / Unsaturated flow
Limited Release - Fracture / Matrix fI
Natural Barriers, Natural System - racture / Matrix flow Partial - Site Specific, Modeling methods High Low High Flow regimes and pathways are important factors for long-| Fundamental Gaps in Method, Flow in the EDZ is closely tied to the evolution of the EDZ.
Dispersion and Geosphere Design Specific 9 9 9 term performance assessments. Fundamental Data Needs R&D related to FEP 2.2.01.01
Dilution
Limited Release - Dehydration may change the hydrologic properties of the P . - :
. . . . . . . - N X . . . Significant work has been done. But signicant gaps exist in modeling
Natural Barriers, Natural System - Mineralogic - Dehydration reactions release water and|| Partial - Site Specific, . . near field and may also impact the repository excavation Fundamental Gaps in Method, . . .
. . 2.2.08.07 - . " Important for a clay repository Low Medium Low N - X the coupled THMC processes. This is most important in clay. R&D
Dispersion and Geosphere Dehydration may lead to volume changes Design Specific and operation. Need to understand dessication behavior Fundamental Data Needs related to FEP 2.2.01.01
Dilution of clay. R
. 2.2.08.08 Groundwater Discharge]- Surface discharge (water table, capillary
Limited Release - N .
. to Biosphere Boundary [rise, surface water)
Natural Barriers, Natural System - Flow acr requlatory boundar N Site Specifi
Dispersion and Geosphere OW across reguiatory boundary ° € Specilic
Dilution
L 2.2.08.09 Groundwater Discharge|- Human use (drinking water, bathing
Limited Release - N A
. to Well water, industrial)
Natural Barriers, Natural System - . S . " .
. . - Agricultural use (irrigation, animal No Site Specific
Dispersion and Geosphere .
I watering)
Dilution
2.2.09.00 2.09.CHEMICAL
PROCESSES -
CHEMISTRY
2.2.09.01 Chemical - Water composition (radionuclides,
Characteristics of dissolved species, ...) Methods f h terizi dwat hemist d dels t
Groundwater in Host - Water chemistry (temperature, pH, Eh, Z, ': s ‘or charalcterlzmglg‘ljoun. v;/: erc efml;ry ar:j tmg e;smo
Rock ionic strength ) predict water chemistry evo IJ onin de near field neea to be tuther
- Reduction-oxidation potential improved.
- Reaction kinetics X . . . .
_ Interaction with EBS Need to define a generic chemistry for each geologic environment.
_ Interaction with host rock Need to ldentlfy |nterac_t|ons with EBS materials _(e.g., introduced
fluids, alkaline plume from the near field).
[see also Chemistry in Tunnels in R&D to determi tential for identifcati 1 bl i
2.1.09.04, Chemical Interactions and o de ermlfne po ;n 1a Ol'é entl Cahlf)ﬂ O lavora © anajor
Evolution in 2.2.09.03] unfavorable groundwater chemistries.
. [contributes to Chemistry of Water Need to characterize effect of microbial activity on water chemistry.
Limited Release - . . !
. Flowing into Repository in 2.1.09.01] L . X . . . . . . . " . " o .
Natural Barriers, Natural System - . . " Characterization and modeling methods. Parameters . . Water chemistry directly impact radionuclide transport in Fundamental Gaps in Method, Need to identify chemical sampling methods to characterize initial fluid|
R . Partial - Site Specific X o High N/A High : N i
Dispersion and Geosphere are site specific both the near field and far field. Fundamental Data Needs composition (e.g., clay, unsaturated rock).
Dilution
Evaluate interactions of various waste forms/waste streams with
various chemical environments.
Identify method to characterize groundwater composition - spatial and
temporal variability, scale dependence
Salt - Need to understand brine chemistry, interaction of high ionic
strength brine with EBS components
Need better characterization of deep crystalline water chemistry (deep
boreholes).
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Appendix A

Importance of Issue/Process and Adequacy of the Current State of the Art Relative to Decision Points
FCT PROGRAM INTERFACE - - - - - — n - " —
Site Screening Site Selection Site Characterization and Disposal System Design Site Suitability
Media DISCUSSION
Importance Adequacy Importance Adequacy Importance Adequacy Importance Adequacy
. High: Information is Completely sufficient (no additional info High: Information is Completely sufficient (no High: Information is Completely sufficient (no
Granite/Crystalline N/A N/A X N X N ; . X . ; .
essential to decisions needed) essential to decisions additional info needed) essential to decisions additional info needed)
Importance and adquacy determined for overall process/issue and is
PE to sub-pr b-i 3
High: Information is Partially sufficient (issue can be High: Information is Partially sufficient (issue can be High: Information is Partially sufficient (issue can be
Deep Boreholes N/A N/A X . N X . represented but needs X . represented but needs
essential to decisions represented but needs improvement) essential to decisions essential to decisions
improvement) improvement)
Salt N/A N/A High: Information is Insufficient (cannot adequately High: Information is Insufficient (cannot adequately High: Information is Insufficient (cannot adequately
essential to decisions represent issue) essential to decisions represent issue) essential to decisions represent issue)
High: Information is Partially sufficient (issue can be High: Information is Partially sufficient (issue can be High: Information is Partially sufficient (issue can be
Clay/Shale N/A N/A X . N X . represented but needs X . represented but needs
essential to decisions represented but needs improvement) essential to decisions X essential to decisions
improvement) improvement)
Interface with UFD-ES program - coupled . . Medium: Infgrmanon Completely sufficient (no additional info Medium: Infgrmanon Completely sufficient (no Medium: Infgrmanon Completely sufficient (no
Granite/Crystalline N/A N/A supports or improves supports or improves o . supports or improves . .
processes decisions needed) decisions additional info needed) decisions additional info needed)
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Appendix A

Process (Issue) Ability to Address through Generic R&D Importance of Issue/Process to Safety Case State of the Art Relative to Issue/Process
Objective Feature Perf. b c
erformance esign, Construction
UFD FEP ID UFD FEP Title Process/Issue Description Yes/No/Partial Discussion A &N, A ’] Overall Confidence Discussion Status Discussion
= (Safety Analysis) Operations = =
2.2.09.02 Chemical - Water composition (radionuclides,
Characteristics of dissolved species, ...)
Groundwater in Other |- Water chemistry (temperature, pH, Eh,
imited Rel Geologic Units (Non-  |ionic strength ...)
:mt'te I';e ease - Natoral Sust Host-Rock) - Reduction-oxidation potential Characterizat 4 modeli thods. P ) Fund 1l Gans in Method
e e e - Gonfining units - Reaction kinetics Partial - Site Specific O g o oo Taramelers High N/A High See FEP 2.2.09.01 o el Data Neads See FEP 2.2.09.01
ispersion ani eosphere - Aquifers - Interaction with other geologic units are site specific undamental Data Needs
Dilution
[see also Chemical Interactions and
Evolution in 2.2.09.04]
2.2.09.03 Chemical Interactions |- Host rock composition and evolution
and Evolution of (granite, clay, salt ...)
Groundwater in Host - Evolution of water chemistry in host rock
Rock - Chemical effects on density
- Interaction with EBS
Limited Release - - Reaction kinetics
Na.tural l?al'l'lers, Natural System - - Mlngral dlgsoIutlon/prg;lpltatlon Partial - Site Specific Characterization and mgdellng methods. Parameters Medium N/A Medium See FEP 2.2.09.01 Fundamental Gaps in Method, See FEP 2.2.09.01
Dispersion and Geosphere - Redissolution of precipitates after dry-ou are site specific Fundamental Data Needs
Dilution
[contributes to Chemistry in Host Rock in
2.2.09.01]
2.2.09.04 Chemical Interactions |- Host rock composition and evolution
and Evolution of (granite, clay, salt ...)
Groundwater in Other |- Evolution of water chemistry in host rock
Geologic Units (Non- |- Chemical effects on density
Limited Release - Host-Rock) - Reaction kinetics
Natural Barriers, Natural System - - Confining units - Mineral dissolution/precipitation ) ) - Characterization and modeling methods. Parameters ) ) Fundamental Gaps in Method,
Dispersion and Geosphere - Aquifers - Recharge chemistry Partial - Site Specific are site specific Medium N/A Medium See FEP 2.2.09.01 Fundamental Data Needs See FEP 2.2.09.01
Dilution
[contributes to Chemistry in Other
Geologic Units in 2.2.09.02]
2.2.09.05 Radionuclide - Dissolved concentration limits Accurate prediction radionuclide of speciation in a natural system
Speciation and under various conditions remains challenging.
Solubility in Host Rock  |[controlled by Chemistry in Host Rock in
2.2.09.01] Thermodynamic data for modeling speciation/solubility for high ionic
strength and high temeprature environments is needed. Need
Limited Release - ) - T - " - methods to fill in thermodynamic data gaps.
. - . Radionucldie speciation impacts radionuclide sorption in .
Natural Barriers, Natural System - . . " Characterization and modeling methods. . . Fundamental Gaps in Method,
R 3 Partial - Site Specific " High N/A High transport port pathways.
Dispersion and Geosphere Includes complexation . . " - Fundamental Data Needs
- Complexation may enhance radionuclide mobility. L - .
Dilution Need methods to measure insitu redox conditions, characterize
actinide/radionuclide speciation, and model radionuclide speciation for|
a range of redox conditions.
Signicant work has been done on simple systems. Better
characterization of complexants is needed.
iy 2.2.09.06 |Radionuclide - Dissolved concentration limits
Limited Release - Speciation and
Natural Barriers, Natural System - Solubilty in Other [controlled by Chemistry in Other Geologicll ~ Partial - Site Specific See FEP 2.2.09.05 High N/A High See FEP2.2.09.05 Fundamental Gaps in Method, See FEP2.2.09.05
Dispersion and Geosphere Geologic Units (Non-  |Units in 2.2.09.02] Fundamental Data Needs
Dilution Host-Rock)
2.2.09.50 2.09. CHEMICAL
PROCESSES -
TRANSPORT
2:2.09.51 éd\é(lect\onrgf D!ssslved ° ;I‘;’W pgthways anld velocwty‘ X The effects of geologic formation heterogeneity and their scale
adionuclides in Host ~ |- Advective properties (porosity, tortuosity) dependence is not fully understood.
Rock - Dispersion
- I\Sllamx d_'"us'o” Need to consider/characterize scale dependence of properties for all
- Saturation physical transport processes.
[see also Gas Phase Transport in Effect of saturation on physical transport properties has additional
2:2.12.03] uncertainty that could be reduced.
One of the key factors controlling repository performance. Need to better understand bentonite/host rock interface (bentonite
Limited Release - Includ Il physical t - advecti saturation)
Natural Barriers, Natural System - Partial - Site Specific Characterization and modeling methods. Parameters High Medium High neludes & gisyselfgor:az;?fsioarogifust?::. advection, Fundamental Gaps in Method,
Dispersion and Geosphere P are site specific 9 9 P ’ ! Fundamental Data Needs Advection follows flow, see FEP 2.2.08.01. Need to better understand
Dilution . . . . . the effect of channeling and advective flow-wetted surfaces on
Design - Need to avoid major fractures intersecting e .
: . diffusion and sorption.
reposiotry footprint.
Dispersion - Evaluate alternative advection/dispersion conceptual
models.
Diffusion - Need better characteriziation / conceptualization of
diffusion in small pores (e.g., clays) - membrane effect (EDL overlap).
Need generic experimental work (e.g., engiineered materials).
Dilution - Well understood.

Used Fuel Disposition Campaign
Disposal Research and Development Roadmap
FCRD-USED-2011-000065



Appendix A

FCT PROGRAM INTERFACE

Importance of Issue/Process and Adequacy of the Current State of the Art Relative to Decision Points

Site Screening

Site Selection

Site Characterization and Disposal System Design

Site Suitability

Media DISCUSSION
Importance Adequacy Importance Adequacy Importance Adequacy Importance Adequacy
Interface with UFD-ES program - coupled Medium: Infgrmatlon Insufficient (cannot adequately Medium: Infgrmatlon Insufficient (cannot adequately Medium: Infgrmatlon Insufficient (cannot adequately
Deep Boreholes N/A N/A supports or improves X supports or improves X supports or improves X
processes decisions represent issue) decisions represent issue) decisions represent issue)
Importance and adquacy determined for overall process/issue and is
PE to sub-pr b-i

Interface with UFD-ES program - coupled

processes

Medium: Information . - " Medium: Information Partially sufficient (issue can be Medium: Information Partially sufficient (issue can be
N Partially sufficient (issue can be N N
Salt N/A N/A supports or improves N supports or improves represented but needs supports or improves represented but needs
. represented but needs improvement) . X . X
decisions decisions improvement) decisions improvement)

Interface with UFD-ES program - coupled

processes
International collaborations, DOE-EM and]

DOE-Science activities
High: Information is Partially sufficient (issue can be High: Information is Partially sufficient (issue can be High: Information is Partially sufficient (issue can be
Clay/Shale N/A N/A an: v an: represented but needs on: represented but needs

essential to decisions

represented but needs improvement)

essential to decisions

improvement)

essential to decisions

improvement)

At Attt

NA

NA

High: Information is

Partially sufficient (issue can be

High: Information is

Partially sufficient (issue can be

________ PO
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Objective

Feature

Process (Issue)

Ability to Address through Generic R&D

Importance of Issue/Process to Safety Case

State of the Art Relative to Issue/Process

Performance Design, Construction
UFD FEP ID UFD FEP Title Process/Issue Description Yes/No/Partial Discussion A &N, A ’] Overall Confidence Discussion Status Discussion
= (Safety Analysis) Operations = =
2.2.09.52 Advection of Dissolved |- Flow pathways and velocity
Radionuclides in Other |- Advective properties (porosity, tortuosity)
Geologic Units (Non- |- Dispersion
Limited Release - Host-Rock) - Matrix diffusion
Natural Barriers, Natural System - - Confining units - Saturation . . " . . Fundamental Gaps in Method,
Dispersion and Geosphere - Aquifers Partial - Site Specific See FEP 2.2.09.51 High N/A High See FEP 2.2.09.51 Fundamental Data Needs See FEP 2.2.09.51
Dilution [see also Gas Phase Transport in
2.2.12.03]
2.2.09.53 Diffusion of Dissolved |- Gradients (concentration, chemical
Radionuclides in Host  |potential)
Limited Release - Rock - Diffusive properties (diffusion
Natural Barriers, Natural System - coefficients) ! Partial - Site Specific See FEP 2.2.09.51 High N/A High See FEP 2.2.09.51 Fundamental Gaps in Method, See FEP 2.2.09.51
Dispersion and Geosphere - Flow pathways and velocity Fundamental Data Needs
Dilution - Saturation
2.2.09.54 Diffusion of Dissolved |- Gradients (concentration, chemical
Limi Radionuclides in Other |potential)
imited Release - N i N . . . .
Natural Barriers, Natural System - Geologic Units (Non- |- Diffusive properties (diffusion Fundamental Gaps in Method
. ) . Host-Rock) coefficients) Partial - Site Specific See FEP 2.2.09.51 High N/A High See FEP 2.2.09.51 ’ See FEP 2.2.09.51
Dispersion and Geosphere - . . Fundamental Data Needs
- - Confining units - Flow pathways and velocity
Dilution . .
- Aquifers - Saturation
2:2.09.55 Sorgtion °T Dis;olved - Surface complexation prqpenies Need to develop improved sorption models (beyond kd) - consider
Radionuclides in Host |- Flow pa_thways and velocity kinetics (irreversibility)
Rock - Saturation
Iso Chemi in Host Rock i Need to develop surface complexation models that account for forces
[see also Chemistry in Host Rock in that are non-electrostatic in nature.
2.2.09.01]
Need improved models of sorption changes along flow paths
(speciation) - also need data (leverage work from EM and Office of
Science and International).
Limited Release - One of the key paraemters controlling radionuclide
Natural Barriers, Natural System - . . - Characterization and modeling methods. Parameters . . N N y p. " 9 . Fundamental Gaps in Method, Need to separate spatial variability from uncertainty in kd values.
R 3 Partial - Site Specific X i High N/A High retention and migration. High for both the safety analysis Ny
Dispersion and Geosphere are site specific " X Fundamental Data Needs Improve measurement of multiple samples.
Dilution and overall confidence in the safety case.
Need to be able to extrapolate models/data from simple systems to
actual systems. Need to quantify reactive surface area. Field demo
sites exist for validation.
Data gaps for kds for elevated temperature and high ionic strength
media.
Need to incorporate these processes in reactive transport models.
2.2.09.56 Sorption of Dissolved |- Surface complexation properties
o Radionuclides in Other |- Flow pathways and velocity
L'm'tedl Release - | Geologic Units (Non- |- Saturation Gans i
Natural Barriers, Natural System - Host-Rock) Partial - Site Specific See FEP2.2.09.55 High N/A High See FEP 2.2.09.55 F”Edame“ta' Iags ‘“,\""'Eth"d’ See FEP 2.2.09.55
D'Spe_rs"f’” and Geosphere - Confining units [see also Chemistry in Host Rock in undamental Data Needs
Dilution - Aquifers 2.2.09.01]
Limi 2.2.09.57 Complexation in Host |- Presence of organic complexants
imited Release - L. .
Natural Barriers, Natural System - Rock (humates, fulvates, carbonates, ...) Gomplexation may enhance radionuciide mobility. See Signicant work has been done on simple systems. Better
. . . - Enhanced transport of radionuclides Partial - Site Specific See FEP2.2.09.05 High N/A High : Well Understood characrerization of complexants is needed.
Dispersion and Geosphere i . N FEP2.2.09.05
Dilution associated with organic complexants See FEP2.2.09.05
Limi 2.2.09.58 Complexation in Other |- Presence of organic complexants
imited Release - R .
Natural Barriers Natural System - Geologic Units (Non- (humates, fulvates, carbonates, ...)
R . . Host-Rock) - Enhanced transport of radionuclides Partial - Site Specific See FEP2.2.09.05 High N/A High See FEP2.2.09.05 Well Understood See FEP2.2.09.05
Dispersion and Geosphere . . N
- associated with organic complexants
Dilution
2.2.09.59 Colloidal Transport in |- Flow pgthways and velocity Signicant work has been done. But the puzzle is yet to be put
Host Rock - Saturation
. together.
- Advection
- g!fsfper5|on Evidence suggests that Pu travels further than kd models would
oo usllon predict. Need improved models that can reproduce this observed
- Sorption X N N L .
Colloid trati behavior. Need improved techniques for insitu characterization and
- (olloid concentration quantification of colloids.
Limited Release - ‘ N ! ! ) Leverage info from NAGRA working group on colloids.
Natural Barriers, Natural System - Characterization and modeling methods. Parameters Colloid-facilitated radionuclide transport may influence Fundamental Gaps in Method
' Partial - Site Specific : Medium N/A High total dose release. Colloids are likely to be unstable in ’ Colloid formation - Better understand formation from clay materials,

Dispersion and
Dilution

Geosphere

are site specific

salt repositories.

Fundamental Data Needs

sorption/desorption (attachment/detachment). Colloid instability in
high ionic strength environments.

Colloid transport - Need to reduce uncertainty in infiltration. Need to
better represent heterogeneous behavior of colloids. Need better
understanding of colloid transport behavior in unsaturated
environments to reduce conservatisms in current models.

Muliple rate kinetics and irreversibility of radionuclide sorption onto
colloids - better understand size dependence.
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FCT PROGRAM INTERFACE

Importance of Issue/Process and Adequacy of the Current State of the Art Relative to Decision Points

Site Screening

Site Selection

Site Characterization and Disposal System Design

Site Suitability

DISCUSSION

Media
Importance Adequacy Importance Adequacy Importance Adequacy Importance Adequacy
N WA WA essential to decisions represented but needs improvement) essential to decisions repre s essential to decisions repre e
improvement) improvement)
Medium: Information . - " Medium: Information Partially sufficient (issue can be Medium: Information Partially sufficient (issue can be
N Partially sufficient (issue can be N .
Deep Boreholes N/A N/A supports or improves N supports or improves represented but needs supports or improves represented but needs
- represented but needs improvement) . K - K
decisions decisions improvement) decisions improvement)
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Appendix A

Process (Issue) Ability to Address through Generic R&D Importance of Issue/Process to Safety Case State of the Art Relative to Issue/Process
Objective Feature Perf. b c
erformance esign, Construction
UFD FEP ID UFD FEP Title Process/Issue Description Yes/No/Partial Discussion A &N, A ’] Overall Confidence Discussion Status Discussion
= (Safety Analysis) Operations = =
2.2.09.60 Colloidal Transport in |- Flow pathways and velocity
L Other Geologic Units |- Saturation
Limited Release - (Non-Host-Rock) - Advection
Nétural ?amerS. Natural System - - Conflnlng units - D!sperswon Partial - Site Specific See FEP 2.2.09.59 Medium NA High See FEP 2.2.09.59 Fundamental Gaps in Method, Signicant work has been done. But the puzzle is yet to be put
Dispersion and Geosphere - Aquifers - Diffusion Fundamental Data Needs together.
Dilution - Sorption
- Colloid concentration
2.2.09.61 Radionuclide Transport |- Advection
Through EDZ - Dispersion One of the key paraemters controlling radionuclide
Limited Release - - Diffusion release from the near field.
Natural Barriers, Natural System - - Sorption Partial - Site Specific, . . . In addition to physical processes, need to look at time- Fundamental Gaps in Method, .
Dispersion and Geosphere Design Specific Modeling methods High NA High dependent changes in flow path due to mechanical Fundamental Data Needs More thermodynamic data are needed for elevated temperatures.
Dilution processes.
R&D issues are captured in FEP 2.2.01.01.
2.2.09.62 Dilution of - Mixing with uncontaminated groundwater
Limited Release - gadior:jucl'\des in - Mixing at withdrawal well
. R roundwater
N;t;;r:rls?::;::’ Nat;erzlsrs)zsetreem - Host Rock [see also Groundwater Discharge to Well in Partial - Site Specific See FEP 2.2.09.51 Medium N/A Medium Dilution impacts total dose release Well Understood Its effect depends on actual hydrologic conditions.
Dilution - Other Geologic Units  |2.2.08.09]
2.2.09.63 Dilution of - Mixing with stable and/or naturally
Limited Release - Radionuclides with occurring isotopes of the same element
Na_tural ?amers’ Natural System - Stable Isotopes Partial - Site Specific See FEP 2.2.09.51 Medium N/A Medium The same as above Well Understood See FEP 2.2.09.51
Dispersion and Geosphere - Host Rock
Dilution - Other Geologic Units
2.2.09.64 Radionuclide Release |- Spatial and temporal distribution of
from Host Rock releases to the Other Geologic Units (due
Limited Release - - giﬁfo'gﬁd to valtryir;g flow pnathwayrs;lan)d velocities,
) - Colloidal varying transport properties; - ) .
Natural B: 3 Natural System - . . . . . . . . 3 . . P
a_ ura ,amers atural System - Gas Phase Partial - Site Specific Characterization and quellng fr?ethods Parameters High N/A High Directly impact total system performance Fundamental Gaps in Method The effect of geologic formation heterogeneity is not well understood.
Dispersion and Geosphere I . . are site specific Fundamental Data Needs
Dilution [contributions from Dissolved in
2.2.09.51/53/55, Colloidal in 2.2.09.59,
Gas Phase in 2.2.12.03, EDZ in
2.2.09.61]
2.2.09.65 Radionuclide Release |- Spatial and temporal distribution of
from Other Geologic releases to the Biosphere (due to varying
Units flow pathways and velocities, varying
- Dissolved transport properties)
- Colloidal
Limited Release - - Gas Phase [see also Groundwater Discharge to
Na_tural ?arrlers, Natural System - Biosphere Bourjdary in 2.2.08.08, Partial - Site Specific Characterization and quellng methods. Parameters High N/A High The same as above Fundamental Gaps in Method, The same as above
Dispersion and Geosphere Groundwater Discharge to Well in are site specific Fundamental Data Needs
Dilution 2.2.08.09, Recycling of Accumulated
Radionuclides in 2.3.09.55]
[contributions from Dissolved in
2.2.09.52/54/56, Colloidal in 2.2.09.60,
Gas Phase in 2.2.12.03]
2.2.10.00 2.10. BIOLOGICAL
PROCESSES
2.2.10.01 Microbial Activity in Formation of complexants
Host Rock - Formation and stability of microbial
colloids
Limited Release - - Biodegradation Better methods for quanitify mircobial actvity in a subsurface
Natural Barriers, Natural System - X y . . " - . . Microbial actvity may impact radionuclide mobility through Fundamental Gaps in Method, enviroments and its impact on water chemistry (see FEP 2.2.09.01).
- Bioaccumulation -
Dispersion and Geosphere Partial - Site Specific Characterization methods Medium N/A Medium modifying water chemsitry and bioaccumulation. Fundamental Data Needs Try to leverage work from EM, Office of Science, and WIPP. Better
Dilution [see also Complexation in Host Rock in understand how microbes may be limited by environment
2.2.09.57]
2.2.10.02 Microbial Activity in Formation of complexants
Other Geologic Units - Formation and stability of microbial
Limited Release - (Non-Host-Rock) colloids
Natural Barriers, Natural System - - Biodegradation . . " - . . Fundamental Gaps in Method,
Dispersion and Geosphere - Bioaccumulation Partial - Site Specific Characterization methods Medium N/A Medium See FEP 2.2.10.01 Fundamental Data Needs See FEP 2.2.10.01
Dilution
[see also Complexation in Other Geologic
Units in 2.2.09.58]
2.2.11.00 2.11. THERMAL

PROCESSES
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FCT PROGRAM INTERFACE

Importance of Issue/Process and Adequacy of the Current State of the Art Relative to Decision Points

Site Screening

Site Selection

Site Characterization and Disposal System Design

Site Suitability

Media DISCUSSION
Importance Adequacy Importance Adequacy Importance Adequacy Importance Adequacy
Medium: Information . - y Medium: Information Partially sufficient (issue can be Medium: Information Partially sufficient (issue can be
N Partially sufficient (issue can be N .
Salt N/A N/A supports or improves N supports or improves represented but needs supports or improves represented but needs
- represented but needs improvement) - K - K
decisions decisions improvement) decisions improvement)
High: Information is Partially sufficient (issue can be High: Information is Partially sufficient (issue can be High: Information is Partially sufficient (issue can be
Clay/Shale N/A N/A X . N X . represented but needs X . represented but needs
essential to decisions represented but needs improvement) essential to decisions X essential to decisions X
improvement) improvement)
. . Low: Information useful but Partially sufficient (issue can be Low: Information useful but Partially sufficient (issue can be ow: Information useful but Partially sufficient (issue can be
Granite/Crystalline N/A N/A N represented but needs represented but needs
not necessary represented but needs improvement) not necessary - not necessary -
improvement) improvement)
Low: Information useful but Partially sufficient (issue can be Low: Information useful but Partially sufficient (issue can be Low: Information useful but Partially sufficient (issue can be
Deep Boreholes N/A N/A N represented but needs represented but needs
not necessary represented but needs improvement) not necessary - t not necessary - t
improvement) improvement) Importance and adquacy determined for overall process/issue and is
ble to sub-pr i
Low: Information useful but Partially sufficient (issue can be Low: Information useful but Partially sufficient (issue can be Low: Information useful but Partially sufficient (issue can be
Salt N/A N/A N represented but needs represented but needs
not necessary represented but needs improvement) not necessary - not necessary -
improvement) improvement)
Low: Information useful but Partially sufficient (issue can be Low: Information useful but Partially sufficient (issue can be Low: Information useful but Partially sufficient (issue can be
Clay/Shale N/A N/A N represented but needs represented but needs
not necessary represented but needs improvement) not necessary - not necessary -
improvement) improvement)
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Objective

Feature

Process (Issue)

Ability to Address through Generic R&D

Importance of Issue/Process to Safety Case

State of the Art Relative to Issue/Process

- _— " . . Performance | Design, Construction " . . . .
UFD FEP ID UFD FEP Title Process/Issue Description Yes/No/Partial Discussion A g A ’] Overall Confidence Discussion Status Discussion
I (Safety Analysis) Operations I I
2.2.11.01 Thermal Effects on - Altered saturation / relative humidity (dry-
Flow in Geosphere out, resaturation) Thermal effects in the near-field are more important.
- Repository-Induced |- Altered gradients, density, and/or flow Need coupled THCM R&D. See discussion in EDZ FEPs.
- Natural Geothermal  |pathways
- Vapor flow Releavnt for deep borehole disposal and repository near
- Condensation fietd. Much can be learned from geothermal studies.
Limited Release - Need to better ur}derstand therma! effects on salt and Improved representation would be needed for unsaturated sites.
. - . moisture movement in salt
Natural Barriers, Natural System - . . - Characterization and modeling methods. Parameters . . .
. ) Partial - Site Specific X o Medium N/A Medium Improved Representation . . . .
Dispersion and Geosphere are site specific Current approach relies on multi-scale model implementation. HPC
~ Need to better understand thermal effects (dryout) on flow| . . -
Dilution may provide for more transparent model implementation.
through clay.
Need to develop method to support thermal limits Need to collaborate with EBS
(prediction of far field and surface temperatures)
Effect on design is medium due to importnace of thermal
loading.
L 2.2.11.02 Thermally-Driven Flow [- Convection
Limited Release - a N
Natural Barriers, Natural System - (Convection) in . " . . . .
. . Geosphere Partial - Site Specific See FEP 2.2.11.01 Medium N/A Medium The same as above Improved Representation The same as above
Dispersion and Geosphere
Dilution
Limited Release - 2.2.11.03 | Thermally-Driven - Vapor flow
Natural Barriers, Natural System - Bluoya.nt Flow / Heat . " " .
R 3 Pipes in Geosphere Partial - Site Specific See FEP 2.2.11.01 Low N/A Low The same as above Improved Representation The same as above
Dispersion and Geosphere
Dilution
2.2.11.04 |Thermal Effects on - Mineral precipitation / dissolution
Limited Release - i:t?\/m\tlyszayéggs’\;:;?:‘al - Altered solubility Likely to be screened out in far field, but is important in near field/EDZ,
Natural Barriers, Natural System - . o . . ” . . . . ' . Fundamental Gaps in Method, Large gap in thermodynamic data at elevated temperatures.
Dispersion and Geosphere [contributes to Chemistry in 2.2.09.01 and Partial - Site Specific See FEP 2.2.09.01 and 2.2.09.05 High NA High Highly impact near-field chemistry Fundamental Data Needs Specification of thermodynamic approach for modeling clay
Dilution 22.09.02] dehydration and alteration.
L 2.2.11.05 |Thermal Effects on - Thermal diffusion (Soret effect)
Limited Release - . .
Natural Barriers Natural System - Transport in Geosphere|- Thermal osmosis
) y . Partial - Site Specific See FEP 2.2.09.51 N/A N/A N/A Likely to be screened out Improved Representation no addition data needed
Dispersion and Geosphere
Dilution
Limited Release - 2.2.11.06 | Thermal-Mechanical - Thermal expansion / compression
) Effects on Geosphere |- Altered properties of fractures, faults, Likely to be screened out in far field. Could be important . X
Natural B: ., Natural System - ) . " . . . N . .2.07.
a_ ura Aamers atural system rock matrix Partial - Site Specific See FEP 2.2.07.01 Medium Low High to EDZ and near field. See FEPs 2.2.07.01 and Fundamental Data Needs No additional data needed for far field Seg FEP? 2:2.07.01and
Dispersion and Geosphere f N . 2.2.01.01 for state of the art discussion
h 2.2.01.01 for importance discussion
Dilution
2.2.11.07  |Thermal-Chemical - Mineral precipitation / dissolution
Alteration of Geosphere|- Altered properties of fractures, faults, rock ; ) ] No additional data needed for far field. See FEPs 2.2.09.01 and
. Likely to be screened out in far field. " 8
- matrix L - 2.2.09.05 and 2.2.01.01 for state of the art discussions.
Limited Release - . X R&D necessary to support screenining decision.
Natural Barriers, Natural System - - Alteration of minerals / volume changes
. ) . " - Formation of near-field chemically altered Partial - Site Specific See FEP 2.2.09.01 and 2.2.09.05. Medium Low High . . Fundamental Data Needs R&D necessary to support screenining decision (potential for
Dispersion and Geosphere ind Could be important to EDZ and near field. See FEPs irreversible changes in clay properties due to thermal chemical
Dilution zone (rind) 2.2.09.01 and 2.2.09.05 and 2.2.01.01 for importance 96 Y prop -
) . reactions, dewatering of salt as thermal fields cause migration of
discussions. I
water and vapor, development of a chemically altered zone).
2.2.12.00 2.12. GAS SOURCES
AND EFFECTS
Limited Release - 2.2.12.01 Gas Generation in - Dlegaslsmg (clathrgtes, deep g;lases)
. Geosphere - Microbial degradation of organics
Natural Barriers, Natural System - N -
. 3 No Site Specific
Dispersion and Geosphere
Dilution
2.2.12.02 Effects of Gas on Flow |- Altered gradients and/or flow pathways
Through the Geosphere]- _I\{apor/halr ﬂof\IN Gas flow may be improtant in clay and salt
Limited Release - :Gvavg-guszzsow Characterization and modeling methods. Parameters
Natural Barriers, Natural System - . " . are site specific. . . Need to dissipate geenrated gas from EBS materials. May Fundamental Gaps in Method, Relevant research in European programs (GAST - NAGRA, FORGE - small scale
R 3 Partial - Site Specific Medium Low Medium . . X X .
Dispersion and Geosphere " . impact selection of materials. Fundamental Data Needs modeling) and in Japan.
- [see also Buoyant Flow/Heat Pipes in ;
Dilution Likely to be screened out
2.2.11.03] )
Interface with EBS
2.2.12.03 Gas Transport in - Gas phase transport
Geosphere - Gas phase release from Geosphere
Limited Release -
Natural Barriers, Natural System - ) . - izati i . - I i ides i i
a. ura Aarrlers atural System Partial - Site Specific Characterization and quellng methods Parameters Low NA Low Transport of gaseous radionuclides (e.g. C-14) Well Understood Transport of gaseous radionuclides in a saturated enviroment may
Dispersion and Geosphere are site specific need to be better understood.
Dilution
2.2.14.00 2.14. NUCLEAR
CRITICALITY
2.2.14.01 Criticality in Geosphere |- Formation of critical configuration
Limited Release - . Likely to be screened out in geosphere, may be of
. . . " Likely to be screened out. ! AN X : N . . . .
Natural Barriers, Natural System - Partial - Site Specific, . consideration in near-field. May impact design. If not . Modeling tools need to be in place for screening calcualtions and
. ) . " Low Low Medium P . X Gaps in Method and Data N
Dispersion and Geosphere Design Specific . . screened on probability will need to be integrated with consequence evaluations..
- Modeling methods to support screening arguments o .
Dilution THMC as a consequence of criticality is heat generation.
2.3.00.00 3. SURFACE
ENVIRONMENT
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FCT PROGRAM INTERFACE

Importance of Issue/Process and Adequacy of the Current State of the Art Relative to Decision Points

Site Screening

Site Selection

Site Characterization and Disposal System Design

Site Suitability

Media DISCUSSION
Importance Adequacy Importance Adequacy Importance Adequacy Importance Adequacy
Medium: Information . - y Medium: Information Partially sufficient (issue can be Medium: Information Partially sufficient (issue can be
. " N Partially sufficient (issue can be N .
Granite/Crystalline N/A N/A supports or improves N supports or improves represented but needs supports or improves represented but needs
- represented but needs improvement) - K - K
decisions decisions improvement) decisions improvement)
High: Information is Partially sufficient (issue can be High: Information is Partially sufficient (issue can be High: Information is Partially sufficient (issue can be
Deep Boreholes N/A N/A X . N X - represented but needs X . represented but needs
essential to decisions represented but needs improvement) essential to decisions K essential to decisions K
improvement) improvement)
Importance and adquacy determined for overall process/issue and is
icable to sub-pr i
Medium: Information Y N Medium: Information Partially sufficient (issue can be Medium: Information Partially sufficient (issue can be
. Partially sufficient (issue can be . .
Salt N/A N/A supports or improves N supports or improves represented but needs supports or improves represented but needs
N represented but needs improvement) N N K
decisions decisions improvement) decisions improvement)
Interface with UFD-ES program - coupled
processes
High: Information is Partially sufficient (issue can be High: Information is Partially sufficient (issue can be High: Information is Partially sufficient (issue can be
Clay/Shale N/A N/A X . N X . represented but needs X . represented but needs
essential to decisions represented but needs improvement) essential to decisions X essential to decisions X
improvement) improvement)
Interface with UFD-ES program - coupled
processes
. . Low: Information useful but | Completely sufficient (no additional info] Low: Information useful but Completely sufficient (no Low: Information useful but Completely sufficient (no
Granite/Crystalline N/A N/A o . o .
not necessary needed) not necessary additional info needed) not necessary additional info needed)
Low: Information useful but [ Completely sufficient (no additional info] Low: Information useful but Completely sufficient (no Low: Information useful but Completely sufficient (no
Deep Boreholes N/A N/A o . o .
not necessary needed) not necessary additional info needed) not necessary additional info needed) . . .
Importance and adquacy determined for overall process/issue and is
to sub-pr i
Low: Information useful but Partially sufficient (issue can be Low: Information useful but Partially sufficient (issue can be Low: Information useful but Partially sufficient (issue can be
Salt N/A N/A N represented but needs represented but needs
not necessary represented but needs improvement) not necessary not necessary -
improvement) improvement)
Low: Information useful but Partially sufficient (issue can be Low: Information useful but Partially sufficient (issue can be Low: Information useful but Partially sufficient (issue can be
Clay/Shale N/A N/A N represented but needs represented but needs
not necessary represented but needs improvement) not necessary - not necessary -
improvement) improvement)
Granite/Crystalline
Deep Boreholes Low: Information useful but | Completely sufficient (no additional info] Low: Information useful but Completely sufficient (no Low: Information useful but Completely sufficient (no
N/A N/A o . o .
Salt not necessary needed) not necessary additional info needed) not necessary additional info needed)
Clay/Shale
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Objective

Feature

Process (Issue)

Ability to Address through Generic R&D

Importance of Issue/Process to Safety Case

State of the Art Relative to Issue/Process

. . . . . Performance Design, Construction, . . . . .
UFD FEP ID UFD FEP Title Process/Issue Description Yes/No/Partial Discussion A g A Overall Confidence Discussion Status Discussion
(Safety Analysis) Operations
2.3.01.00 |[3.01. SURFACE
CHARACTERISTICS
Limited Release - 2.3.01.01 Topography and - Recharge and discharge areas
. Surface Morphology
Natural Barriers, Natural System - N .
R . No Site Specific
Dispersion and Geosphere
Dilution
Limited Release - 2.3.02.01 Surficial Soil Type - Physical and chemical attributes
Natural Barriers, Natural System - . .
Dispersion and Geosphere No Site Specific
Dilution
Limited Release - 2.3.04.01 Surface Water - Lakes, rivers, gprmgs o
Natural Barriers, Natural System - - Dams, reservoirs, canals, pipelines
. . ! ¥ - Coastal and marine features No Site Specific
Dispersion and Geosphere -
I - Water management activities
Dilution
2.3.05.01 Biosphere - Climate
Characteristics - Soils
- Flora and fauna
Limited Release - ) MICFOb.es .
. - Evolution of biosphere (natural,
Natural Barriers, Natural System - anthropogenic — e.g., acid rain) No Site Specific
Dispersion and Biosphere pog 9 P
Dilution [see also Climate in 1.3.01.01, Surficial
Soil Type in 2.3.02.01, Microbial Activity in|
2.3.10.01]
2.3.07.00 |3.07. MECHANICAL
PROCESSES
2.3.07.01 Erosion - Weathering
- Denudation
- Subsidence
Limited Release -
Natural Barriers, Natural System - [see also Subsidence in 1.2.02.01, N Site Specifi
Dispersion and Geosphere Periglacial Effects in 1.3.04.01, Glacial o ite Specitic
Dilution Effects in 1.3.05.01, Surface Runoff in
2.3.08.02, and Soil and Sediment
Transport in 2.3.09.53]
Limited Release - 2.3.07.02 Deposition - Weathering
Natural Barriers, Natural System - . .
Dispersion and Geosphere No Site Specific
Dilution
. 2.3.07.03 Animal Intrusion into
Containment, Natural System - Repositor
Limited Release v P Y No Site Specific
. . Geosphere
Engineered Barriers|
2.3.08.00 |3.08. HYDROLOGIC
PROCESSES
Limited Release - 2.3.08.01 Precipitation - Spatial and temporal distribution
N Barri N -
[;tsur:rISi:r:r;ir;, agjerzlsszset:em [see also Climate Change in 1.3.01.01] No Site Specific
P - P [contributes to Infiltration in 2.3.08.03]
Dilution
2.3.08.02 Surface Runoff and - Runoff, impoundments, flooding,
Evapotranspiration increased recharge
Limited Rel - Evaporation
[mited Release - - Transpiration (root uptake) ) ) Local infiltration likely to be important only for unsaturated Regional ground water flow modeling is well understood. Could be
Natural Barriers, Natural System - . . " Effects would be included in geosphere flow and 8 N . . ) . . . ) .
Di ion and G h Partial - Site Specific transport Low N/A Low sites. Could be considered in regional flow modeling for Improved Representation opportunity for model improvement, including surface recharge
spersion a cosphere [see also Climate Change in 1.3.01.01, P saturated environments component.
Dilution Erosion in 2.3.07.01]
[contributes to Infiltration in 2.3.08.03]
2.3.08.03 Infiltration and - Runoff, impoundments, flooding,
Recharge increased recharge
Limited Rel - Evaporation
Imite elease - . .
. - Transpiration (root uptake) . . Local infiltration likely to be important only for unsaturated Regional ground water flow modeling is well understood. Could be
Natural Barriers, Natural System - . . " Effects would be included in geosphere flow and ! N . " . . .
Dispersion and Geosphere ) ) Partial - Site Specific transport Low N/A Low sites. Could be considered in regional flow modeling for Improved Representation opportunity for model improvement, including surface recharge
persio P [see also Climate Change in 1.3.01.01, P saturated environments component.
Dilution Erosion in 2.3.07.01]
[contributes to Infiltration in 2.3.08.03]
2.3.09.00 |3.09. CHEMICAL
PROCESSES -
CHEMISTRY.
2.3.09.01 Chemical - Altered recharge chemistry (natural)
. Characteristics of Soil |- Altered recharge chemistry
Limited Release - and Surface Water (anthropogenic — e.g., acid rain)
N | Barri N | -
atural Barriers, atural System No Site Specific

Dispersion and
Dilution

Geosphere

[contributes to Chemical Evolution of
Groundwater in 2.2.09.04]
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FCT PROGRAM INTERFACE

Importance of Issue/Process and Adequacy of the Current State of the Art Relative to Decision Points

Media

Site Screening

Site Selection

Site Characterization and Disposal System Design

Site Suitability

Importance

Adequacy

Importance

Adequacy

Importance

Adequacy

Importance

Adequacy

DISCUSSION

Low: Information
useful but not
necessary

Partially sufficient (issue
can be represented but

needs improvement)

not necessary

Low: Information useful but

Partially sufficient (issue can be

represented but needs improvement)

Medium: Information
supports or improves
decisions

Partially sufficient (issue can be
represented but needs
improvement)

Medium: Information
supports or improves
decisions

Partially sufficient (issue can be
represented but needs
improvement)

Low: Information
useful but not
necessary

Partially sufficient (issue
can be represented but

needs improvement)

not necessary

Low: Information useful but

Partially sufficient (issue can be

represented but needs improvement)

Medium: Information
supports or improves
decisions

Partially sufficient (issue can be
represented but needs
improvement)

Medium: Information
supports or improves
decisions

Partially sufficient (issue can be
represented but needs
improvement)
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Objective

Feature

Process (Issue)

Ability to Address through Generic R&D

Importance of Issue/Process to Safety Case

State of the Art Relative to Issue/Process

. i . . . Performance Design, Construction, . . . . .
UFD FEP ID UFD FEP Title Process/Issue Description Yes/No/Partial Discussion A g A Overall Confidence Discussion Status Discussion
(Safety Analysis) Operations

L 2.3.09.02 Radionuclide - Dissolved concentration limits
Limited Release - o
Natural Barriers, Natural System - Speciation and

Dispersion and Biosphere Solubility in Biosphere No Site Specific

Dilution
Limited Release - 2.3.09.03 Radionuclide Alteration |- Altered phys.lca\ and chemical properties
. in Biosphere - Isotopic dilution
Natural Barriers, Natural System - . .
. ) . No Site Specific
Dispersion and Biosphere
Dilution
2.3.09.50 |3.09. CHEMICAL
PROCESSES -
TRANSPORT
2.3.09.51 Atmospheric Transport |- Radionuclide transport in air, gas, vapor, . .
Limited Release - Through Biosphere particulates, aerosols Radionuclide transport processes in the biosphere, while F{adwor:iucllde t(:ansgon p(;qcesses w(r;lftfhe bIOSphfre are well
Natural Barriers, Natural System - - Processes include: wind, plowing, . . " Characterization and modeling methods. Parameters needed in evaluating disposal system performance, are understood and used in many different application.
. . . irrigation, degassing, saltation Partial - Site Specific Low N/A Low H o . Well Understood
Dispersion and Biosphere irrigation, deg; d, s are site specific expected to be very site specific. Their overall importance| . . .
- - Improved models for representing process could potentially build
Dilution precipitation to performance is expected to be low. ) h
confidence in the safety case
2.3.09.52 Surface Water - Radionuclide transport and mixing in
Transport Through surface water
Limited Release - Biosphere - Processes include: lake mixing, river Radionuclide transport processes in the biosphere, while Radionuclide transport processes in the biosphere are well
Natural Barriers, Natural System - flow, spring discharge, aeration, ) ) ” Characterization and modeling methods. Parameters ) needed in evaluating disposal system performance, are understood and used in many different application.
R 3 X sedimentation, dilution Partial - Site Specific . L Medium N/A Low H . . . Well Understood
Dispersion and Biosphere ’ are site specific expected to be very site specific. Their overall importance . . .
Dilution to performance is expected to be low Improved models for representing process could potentially build
[see also Surface Water in 2.3.04.01] ’ confidence in the safety case
2.3.09.53 Soil and Sediment - Radionuclide transport in on soil and
Transport Through sediments
Limited Release - Biosphere - Processes include: fluvial (runoff, river Radionuclide transport processes in the biosphere, while Radionuclide transport processes in the biosphere are well
. flow), eolian (wind), glaciation, - . - N - understood and used in many different application.
Natural Barriers, Natural System - N . . . " Characterization and modeling methods. Parameters . needed in evaluating disposal system performance, are
R . . bioturbation (animals) Partial - Site Specific Medium N/A Low " - . Well Understood
Dispersion and Biosphere are site specific expected to be very site specific. Their overall importance . . .
Dilution to performance is expected to be low Improved models for representing process could potentially build
[see also Erosion in 2.3.07.01, Deposition : confidence in the safety case
in 2.3.07.02
2.3.09.54 Radionuclide - Leaching/evaporation from discharge . .

. . . . . Radionuclide transport processes in the biosphere are well
Limited Release - Accumulation in Soils | (well, groundwater upwelling) Radionuclide transport processes in the biosphere, while understood and used in many different application
Natural Barriers, Natural System - - Deposition from atmosphere or water . . . Characterization and modeling methods. Parameters needed in evaluating disposal system performance, are Y PP :

. . . - Partial - Site Specific Medium N/A Low H o . Well Understood
Dispersion and Biosphere (irrigation, runoff) are site specific expected to be very site specific. Their overall importance . . .
Dilution to performance is expected to be low. Improved models for representing process could potentially build
: confidence in the safety case
2.3.09.55 |Recycling of [see also Radionuclide Release in . X ) .
Limited Release - Accumulated 2.2.09.65] Radionuclide transport processes in the biosphere, while Rad‘%‘:jucrh?e tdranjgorl pdrosens]sis \g.ftfher t:?sph‘eretar: well
Natural Barriers, Natural System - Radionuclides from ) ) » Characterization and modeling methods. Parameters needed in evaluating disposal system performance, are understood and used in many difierent application.
. . . Soils to Groundwater Partial - Site Specific . o Low N/A Low H . . . Well Understood
Dispersion and Biosphere are site specific expected to be very site specific. Their overall importance| . . .
Diluti to performance is expected to be low Improved models for representing process could potentially build
ilution P P . confidence in the safety case
2.3.10.00 |3.10. BIOLOGICAL
PROCESSES

. 2.3.10.01 Microbial Activity in - Effect on biosphere characteristics

Limited Release - X
. Biosphere - Effect on transport through biosphere

Natural Barriers, Natural System - . .

. ) . No Site Specific

Dispersion and Biosphere

Dilution
2.3.11.00 |[3.11. THERMAL
PROCESSES
Limited Release - 2.3.11.01 Effects of lReposwtory
. Heat on Biosphere
Natural Barriers, Natural System - No Site Specific
Dispersion and Biosphere P
Dilution
2.4.00.00 |4. HUMAN BEHAVIOR
2.4.01.00 4.01. HUMAN
CHARACTERISTICS
2.4.01.01 Human Characteristics |- Physiology
Limited Release - - Melubo]ism
Na.tural ?arriers, Natu.ral System - - Adults, children No Beyond UFD Scope
Dispersion and Biosphere
Dilution [contributes to Radiological Toxicity in
3.3.06.02]

- 2.4.01.02 Human Evolution - Changing human characteristics
Limited Release - o L
Natural Barriers, Natural System - - Sensitization to radiation

Dispersion and Biosphere - Changing lifestyle No Beyond UFD Scope

Dilution
2.4.04.00 |4.04. LIFESTYLE
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Appendix A

FCT PROGRAM INTERFACE

Importance of Issue/Process and Adequacy of the Current State of the Art Relative to Decision Points

Site Screening

Site Selection

Site Characterization and Disposal System Design

Site Suitability

Media DISCUSSION
Importance Adequacy Importance Adequacy Importance Adequacy Importance Adequacy
Medium: Information Partially sufficient (issue can be Medium: Information Partially sufficient (issue can be
N/A N/A N/A N/A supports or improves represented but needs supports or improves represented but needs
decisions improvement) decisions improvement)
Medium: Information Partially sufficient (issue can be Medium: Information Partially sufficient (issue can be
N/A N/A N/A N/A supports or improves represented but needs supports or improves represented but needs
decisions improvement) decisions improvement)
Medium: Information Partially sufficient (issue can be Medium: Information Partially sufficient (issue can be
N/A N/A N/A N/A supports or improves represented but needs supports or improves represented but needs
decisions improvement) decisions improvement)
Medium: Information Partially sufficient (issue can be Medium: Information Partially sufficient (issue can be
N/A N/A N/A N/A supports or improves represented but needs supports or improves represented but needs
decisions improvement) decisions improvement)
Medium: Information Partially sufficient (issue can be Medium: Information Partially sufficient (issue can be
N/A N/A N/A N/A supports or improves represented but needs supports or improves

decisions

improvement)

decisions

represented but needs
improvement)
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Appendix A

Process (Issue)

Ability to Address through Generic R&D

Importance of Issue/Process to Safety Case

State of the Art Relative to Issue/Process

Objective Feature . .
UFD FEP ID UFD FEP Title Process/Issue Description Yes/No/Partial Discussion Performance. Design, Cons.tructlon, Overall Confidence Discussion Status Discussion
(Safety Analysis) Operations
2.4.04.01 Human Lifestyle - Diet and fluid intake (food, water,
tobacco/drugs, etc.)
- Dwellings
- Household activities
Limited Release - - Leisure activities
Natural Barriers, Natural System -
Dispersion and Biospge,e [see also Land and Water Use in No Beyond UFD Scope
Dilution 2.4.08.01]
[contributes to Ingestion in 3.3.04.01,
Inhalation in 3.3.04.02, External Exposure
in 3.3.04.03]
2.4.08.00 [4.08. LAND AND
WATER USE
2.4.08.01 Land and Water Use |- Agricultural (irrigation, plowing,
fertilization, crop storage, greenhouses,
hydroponics)
Limited Release - - Farms and Fisheries (feed, water, soil)
Natural Barriers, Natural System - - Urban / Industrial (development, ener " "
Dispersion and Biosphere production, earthwcgrks, pogulatwon ¥ No Ste Specific
Dilution density)
- Natural / Wild (grasslands, forests, bush,
surface water)
2.4.08.02 Evolution of Land and |- New practices (agricultural, farming,
Limited Release - Water Use fisheries)
Natural Barriers, Natural System - - Technological developments N "
Dispersion and Biosphere - Social developments (new/expanded No Site Specific
Dilution communities)
3.0.00.00 |3. RADIONUCLIDE /
CONTAMINANT
FACTORS
(BIOSPHERE)
3.1.00.00 |1. CONTAMINANT
CHARACTERISTICS
3.2.00.00 |2. RELEASE/
MIGRATION FACTORS
3.3.00.00 |3. EXPOSURE
FACTORS
3.3.01.00 ]3.01. RADIONUCLIDE /
CONTAMINANT
CONCENTRATIONS
3.3.01.01 Radionuclides in - Soil
Biosphere Media - Surface Water
- Air
- - Plant Uptake
i?t‘:fjl ZZ'f::S Natural System - - Animal (Livestock, Fish) Uptake . Site Specific
D'SF;":L?;:M Biosphere [contributions from Radionuclide Release Beyond UFD Scope
from Geologic Units in 2.2.09.65,
Transport Through Biosphere in
2.3.09.51/52/53/54/55]
3.3.01.02 Radionuclides in Food |- Diet and fluid sources (location, degree
Products of contamination, dilution with
uncontaminated sources)
Limited Release - - Foodstyff and ﬂqu propessing ;nd ) B
Natural Barriers, Natural System - preparation (water filtration, cooking Site Specific
Dispersion and Biosphere techniques) No
Dilution Beyond UFD Scope
[see also Land and Water Use in
2.4.08.01, Radionuclides in Biosphere
Media in 3.3.01.01]
3.3.01.03 Radionuclides in Non- |- Dwellings (location, building materials
Food Products and sources, fuel sources)
- Household products (clothing and
. sources, furniture and sources, tobacco,
Limited Release - . .
Natural Barriers, Natural System - pel.s) Site Specific
Dispersion and Biosphere - Biosphere media No
Dilution ) Beyond UFD Scope
[see also Land and Water Use in
2.4.08.01, Radionuclides in Biosphere
Media in 3.3.01.01]
3.3.04.00 |3.04. EXPOSURE
MODES
3.3.04.01 Ingestion - Food products
Limited Release - - Soil, surface water Radionuclide transport processes in the biosphere, while Radionuclide transport processes in.the biosphere are well
Natural Barriers, Natural System - ) needed in evaluating disposal system performance, are understood and used in many different application.
. ) . Yes Methods Medium N/A Low - . . . Well Understood
Dispersion and Biosphere expected to be very site specific. Their overall importance| . . .
Dilution to performance is expected to be low. Improved models for rfepreserlmng process could potentially build
confidence in the safety case
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Appendix A

FCT PROGRAM INTERFACE

Importance of Issue/Process and Adequacy of the Current State of the Art Relative to Decision Points

Site Screening

Site Selection

Site Characterization and Disposal System Design

Site Suitability

Media DISCUSSION
Importance Adequacy Importance Adequacy Importance Adequacy Importance Adequacy
. Partially sufficient (issue can be . Partially sufficient (issue can be
N/A N/A N/A N/A Low: Information useful but represented but needs Low: Information useful but represented but needs
not necessary not necessary
improvement) improvement)
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Appendix A

Objective

Feature

Process (Issue)

Ability to Address through Generic R&D

Importance of Issue/Process to Safety Case

State of the Art Relative to Issue/Process

- _— . . . Performance | Design, Construction " . . . .
UFD FEP ID UFD FEP Title Process/Issue Description Yes/No/Partial Discussion A g A ’] Overall Confidence Discussion Status Discussion
I (Safety Analysis) Operations I I
3.3.04.02 Inhalation - Gases and vapors . . . .
- X . . Radionuclide transport processes in the biosphere are well
Limited Release - - Suspended particulates (dust, smoke, Radionuclide transport processes in the biosphere, while X . -
. . N ) understood and used in many different application.
Natural Barriers, Natural System - pollen) . needed in evaluating disposal system performance, are
. . ) Yes Methods Medium N/A Low - " . Well Understood
Dispersion and Biosphere expected to be very site specific. Their overall importance . . .
- - Improved models for representing process could potentially build
Dilution to performance is expected to be low. N X
confidence in the safety case
3.3.04.03 External Exposure - Non-Food products " . . .
- . . . . . . Radionuclide transport processes in the biosphere are well
Limited Release - - Soil, surface water Radionuclide transport processes in the biosphere, while X . s
X N understood and used in many different application.
Natural Barriers, Natural System - needed in evaluating disposal system performance, are
. . . Yes Methods Medium N/A Low - - . . Well Understood
Dispersion and Biosphere expected to be very site specific. Their overall importance| . . .
~To10 Improved models for representing process could potentially build
Dilution to performance is expected to be low. N K
confidence in the safety case
3.3.06.00 3.06. TOXICITY /
EFFECTS
3.3.06.01 Radiation Doses - Exposure rates (ingestion, inhalation,
Limited Release - external exposure)
Na.tural l?!arrlers, Natu.ral System - - Dose conversion factors No Beyond UFD Scope
Dispersion and Biosphere - Gases and vapors
Dilution Suspended particulates (dust, smoke,
pollen)
. 3.3.06.02 Radiological Toxicity - Human health effects from radiation
Limited Release -
. and Effects doses
Natural Barriers, Natural System - No Beyond UFD Scope
Dispersion and Biosphere v P
Dilution
. 3.3.06.03 Non-Radiological - Human health effects from non-
Limited Release - . N . .
Natural Barriers Natural System - Toxicity and Effects radiological toxicity
4 No Beyond UFD Scope

Dispersion and
Dilution

Biosphere
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Appendix A

FCT PROGRAM INTERFACE

Importance of Issue/Process and Adequacy of the Current State of the Art Relative to Decision Points

Site Screening

Site Selection

Site Characterization and Disposal System Design

Site Suitability

Media DISCUSSION
Importance Adequacy Importance Adequacy Importance Adequacy Importance Adequacy

. . Partially sufficient (issue can be . . Partially sufficient (issue can be

N/A N/A N/A N/A Low: Information useful but represented but needs Low: Information useful but represented but needs

not necessary not necessary
improvement) improvement)
Partially sufficient (issue can be Partially sufficient (issue can be
Low: Infi ful Low: Infi ful
N/A N/A N/A N/A ow: Information useful but represented but needs ow: Information useful but represented but needs

not necessary

improvement)

not necessary

improvement)
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